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UPPER  CLARK  FORK  RIVER  BASIN 
RESTORATION  DETERMINATION  PLAN 

1.0       INTRODUCTION 

1.1  The  Restoration  Determination  Plan 

This  plan  arrays  and  selects  alternatives  for  the  restoration  of  natural  resources  in  the 
Upper  Clark  Fork  River  Basin.    Preparation  of  the  plan  is  pursuant  to  and  in  accordance 
with:  I)  the  natural  resources  damage  provisions  of  the  Comprehensive  Environmental 
Response,  Compensation,  and  Liability  Act,  as  amended,  (CERCLA),  42  U.S.C.  §9601  et 
seq.  (otherwise  known  as  Superfund);  2)  the  Montana  Comprehensive  Environmental 
Cleanup  and  Responsibility  Act  (CECRA),  Mont.  Code.  Ann.  §75-10-701--724  (1993);  and 
3)  the  Natural  Resource  Damage  Assessment  regulations  of  the  Department  of  the  Interior 
(DOI),  which  implement  CERCLA's  natural  resource  damage  provisions.    43  C.F.R.  §11. 

Section  11.81  of  the  DOI  regulations  requires  the  preparation  of  a  Restoration  and 
Compensation  Determination  Plan  (RCDP).   Under  the  regulations,  the  RCDP  is  comprised 
of  two  basic  components.    First,  the  RCDP  is  to  array  restoration  alternatives  and  then  select 
from  among  the  alternatives.    Second,  the  RCDP  is  to  outline  various  methodologies  for 
estimating  the  costs  of  the  alternatives  and  for  estimating  compensable  values.    The  instant 
Restoration  Determination  Plan  (RDP)  undertakes  the  former  task  but  not  the  later.    Cost 
estimating  and  valuation  methodologies  were  previously  outlined  by  the  State  in  the 
Assessment  Plan,  Part  II,  released  on  April  24,  1992  for  public  comment.    These  comments 
have  been  considered  by  the  State  of  Montana;  responses  are  contained  in  the  Response  to 
Comments  volume  of  the  Report  of  Assessment. 

This  is  not  the  first  time  the  State  has  released  a  version  of  this  report.    Although  not 
required  by  the  regulations,  the  State  of  Montana  released,  on  March  22,  1994,  a  Restoration 
Report  and  invited  comments  in  order  to  maximize  opportunities  for  public  input.    That 
report  was  the  State's  initial  effort  to  develop  alternatives  for  restoration  of  resources  in  the 
Upper  Clark  Fork  River  Basin.    All  comments  received  on  that  report  have  been  considered 
by  the  State. 

On  January  13,  1995,  the  State  released  a  preliminary  RDP,  modified  from  the 
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previous  Restoration  Report.    This  document  contained  a  description  of  the  conditions  of 
various  areas  within  the  Upper  Clark  Fork  River  Basin,  an  identification  of  residual  injury, 
an  array  of  restoration  alternatives  and  accompanying  costs,  and  a  discussion  of  the  State's 
decisionmaking  process  that  the  State  employed  to  select  alternatives.    Like  the  earlier 
Restoration  Report,  the  RDP  provided  an  opportunity  for  public  comment. 

Based  on  comments  received,  revisions  of  estimates  of  remedy,  and  further 
evaluation,  the  State  has  revised  the  RDP.    In  some  instances  very  little  has  changed  from 
the  January  1995  RDP  version  to  this  revision.    In  other  instances,  changes  were  more 
significant.    For  every  geographic  area  and  set  of  alternatives,  the  State  reconsidered  its 
preliminary  selection.    The  identification  of  alternatives  contained  herein  represents  the 
State's  final  determination  on  the  matter.   Responses  to  comments  are  contained  in  a  separate 
response  to  comments  volume. 

1.2   Legal  Overview 
L2.1   Background 

Past  mining  and  mineral  processing  activities  and  wood  treating  operations  of  the 
Atlantic  Richfield  Company  and  its  predecessors  have  resulted  in  widespread  injury  to  natural 
resources  in  the  Upper  Clark  Fork  River  Basin.    The  U.S.  Environmental  Protection  Agency 
(EPA)  has  divided  the  impacted  area  into  four  sites  and  has  placed  the  sites  on  the  National 
Priorities  List  (NPL),  which  is  a  list  of  contaminated  sites  across  the  nation  most  in  need  of 
immediate  clean-up  to  "protect  the  public  health  or  welfare  or  the  environment."   42  U.S.C. 
§9604(a)(l).   These  sites  are:  the  Silver  Bow  Creek/Butte  Addition  site,  the  Montana  Pole 
site,  the  Anaconda  Smelter  site,  and  the  Milltown  Reservoir/Clark  Fork  River  site.   Together 
these  sites  comprise  the  largest  collection  of  Superfund  sites  in  the  country. 

CERCLA  and  CECRA  allow  states  as  trustees  for  natural  resources  to  recover 
monetary  damages  for  injuries  to  natural  resources  caused  by  releases  of  hazardous  and 
deleterious  substances.    In  1983,  the  State  of  Montana,  pursuant  to  its  role  as  trustee,  filed 
suit  against  the  Atlantic  Richfield  Company  to  recover  damages  for  injuries  to  the  natural 
resources  of  the  Upper  Clark  Fork  River  Basin.    In  the  course  of  this  litigation,  the  State  of 
Montana  undertook,  through  its  Natural  Resource  Damage  Litigation  Program,  the 
preparation  of  a  natural  resource  damage  assessment  to  document  the  injury  and  determine 
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the  amount  of  damages. 

Assessment  activities  up  to  the  present  include  the  preparation  and  release  of  a 
preassessment  screen,  and  a  three-part  assessment  plan  that  included  an  opportunity  for 
public  comment.    In  addition,  three  injury  assessment  reports  have  been  issued.    These 
reports  were  first  released  in  1993,  were  revised,  and  were  rereleased  in  January  1995.    The 
injury  assessment  reports  (incorporated  herein  by  reference)-on  aquatic  resources;  terrestrial 
resources,  including  riparian  and  upland  soils,  vegetation,  wildlife,  and  wildlife  habitat 
resources;  and  groundwater  resources-demonstrate  that  mining  and  mineral  processing 
activities  and  wood  treating  operations  in  the  Upper  Clark  Fork  Basin  have  released 
"hazardous"  and  "deleterious"  substances  as  those  terms  are  defined  in  CERCLA  and 
CECRA;  and  that  these  releases  have  resulted,  and  continue  to  result,  in  severe  and 
widespread  injuries  to  natural  resources. 

After  injuries  are  determined  to  exist  and  are  quantified,  the  natural  resource  damage 
assessment  regulations  require  a  damage  determination  in  order  to  "establish  the  amount  of 
money  to  be  sought  in  compensation  for  injury  to  natural  resources  resulting  from  a  ... 
release  of  a  hazardous  substance."   43  C.F.R.  §11. 80(b).   There  are  two  parts  to  a  natural 
resource  damage  award.    First,  a  trustee  can  recover  compensable  value,  which  DOI 
identifies  as  "the  value  of  lost  public  uses  of  the  services  provided  by  the  injured  resource, 
plus  lost  nonuse  values  such  as  option,  existence,  and  bequest  values."   43  C.F.R. 
§11. 83(c)(1).   Compensable  value  has  been  addressed  in  three  reports:  "Assessment  of 
Damages  to  Anglers  and  Other  Recreators,"  "Contingent  Valuation  of  Natural  Resource 
Damage,"  and  "Compensable  Natural  Resource  Damage  Determination." 

In  response  to  the  issuance  of  these  reports,  the  Atlantic  Richfield  Company  prepared 
a  set  of  rebuttal  reports.   These  reports  have  been  included  in  the  administrative  record.   The 
State  has  responded  to  ARCO's  rebuttal  submission  and  has  modified  its  claim  against  the 
Atlantic  Richfield  Company. 

Second,  and  in  addition  to  compensable  value  damages,  a  trustee  can  also  recover 
damages  based  on  the  cost  of  restoration,  rehabilitation,  replacement,  and/or  acquisition  of 
the  equivalent  of  the  injured  resources  (hereinafter  collectively  termed  restoration).   This 
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plan  is  concerned  with  this  measure  of  damages. 

1.2.2   Restoration  Generally  and  the  Concept  of  Baseline 

CERCLA  makes  clear  that  the  purpose  of  the  natural  resource  damage  provisions  is  to 
restore  injured  resources.    For  example,  the  statute  requires  that  monies  recovered  by  a 
trustee  be  used  "only  to  restore,  replace,  or  acquire  the  equivalent  of  such  natural 
resources."    42  U.S.C.  §9607(0(1).   Relying  on  this  language,  the  United  States  Court  of 
Appeals  for  the  District  of  Columbia  Circuit  held  that  restoration  costs  are  the  principal 
measure  of  damages  in  a  natural  resource  damage  case.    State  of  Ohio  v.  DOI.  880  F.2d  432 
(D.C.  Cir.  1989).    According  to  the  Court,  in  fashioning  the  natural  resource  damage 
provisions  Congress  intended  "to  effect  a  'make  whole'  remedy  of  complete  restoration." 
880  F.2d  at  445. 

In  order  to  implement  the  statutory  preference  for  restoration,  the  DOI  regulations 
employ  the  term  "baseline,"  which  is  defined  simply  as  the  condition  of  the  resource  had  the 
release  of  hazardous  substances  not  occurred.    43  C.F.R.  §11. 14(e).   This  definition  ensures 
that  liability  will  only  attach  to  injuries  attributable  to  the  release  in  question.    The  goal  of 
restoration  is  to  return  the  injured  resource  to  baseline  conditions.   58  Fed.  Reg.  39341  (col. 
2),  59  Fed.  Reg.  14272  (col.  3).    Thus,  restoration  does  not  aim  to  produce  a  pristine 
resource.    No  restoration  alternative  considered  by  the  State  goes  beyond  baseline. 

More  specifically,  the  objective  of  restoration  is  to  "return  to  baseline  levels  both  the 
injured  natural  resources  and  the  services  that  the  natural  resources  provide  to  the  public." 
56  Fed.  Reg.  19757  (col.  1).    In  broad  terms,  a  service  is  any  function  or  utility  that  one 
resource  provides  for  another  resource  or  for  human  beings.    Thus,  services  include 
"ecological  services  as  flood  and  erosion  control,  habitat,  and  food  chains,  as  well  as  such 
human  uses  as  recreation."    51  Fed.  Reg.  27679  (col.  3).   The  ability  of  a  resource  "to 
absorb  low  levels  of  [contamination]  without  exceeding  standards  or  without  other  effects"  is 
also  a  service.    51  Fed.  Reg.  27716  (col.  2),  see  also  59  Fed.  Reg.  14273  (col.  1). 

Restoration  of  services  is  accomplished  by  restoring  resources.    DOI  has  stated, 
"although  it  is  the  natural  resource  that  trustees  are  restoring,  restoration  of  that  resource 
causes  an  increase  in  services.  ..."    58  Fed.  Reg.  39340  (col.  1).    When  services  are 
restored  to  baseline  levels,  restoration  is  deemed  complete.   Id^  Accordingly,  this  report 
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necessarily  focusses  on  restoring  injured  resources  to  baseline  conditions.    For  each 
alternative,  estimates  will  be  provided  of  when  resources,  and  hence  services,  will  return  to 
baseline  levels.    Given  the  severity  of  the  injury  to  the  Basin  and  the  time  frames  involved, 
estimates  of  this  nature  cannot  purport  to  be  exact.   The  estimates,  however,  reflect  the  State 
of  Montana's  considered  judgment  informed  by  knowledge  of  the  resources  and  the  injuries 
and  after  consultation  with  experts  in  the  field. 

It  must  be  observed  that  the  State  of  Montana  harbors  no  illusions  about  what  can 
practically  be  accomplished  in  the  Upper  Clark  Fork  River  Basin  given  the  type  and 
pervasiveness  of  contamination  and  the  magnitude  of  the  injuries  to  the  State's  natural 
resources.    Restoration  will  be  difficult  if  for  no  other  reason  than  the  fact  that  metals  and 
metalloids  like  arsenic,  which  are  responsible  for  much  of  the  contamination  in  the  Upper 
Clark  Fork  River  Basin,  do  not  degrade,  rather  they  must  be  removed,  otherwise  isolated,  or 
leave  the  system  naturally  for  injuries  to  be  mitigated.   Although  it  may  be  possible  in  some 
instances  of  natural  resource  injury  for  human  intervention  to  restore  resources  and  services 
to  baseline  levels  in  years  or  even  decades,  for  the  most  part  this  is  not  such  a  case. 
Generally,  the  most  that  can  be  achieved  in  the  way  of  restoration  of  the  Upper  Clark  Fork 
River  Basin  within  the  lifetimes  of  persons  alive  today  is  to  ameliorate  natural  resource 
injuries,  enabling  the  resource  and  the  services  provided  by  the  resources  to  recover 
substantially. 

For  each  alternative,  the  report  estimates  the  time  frame  for  substantial  recovery. 
Substantial  recovery,  as  that  term  is  employed  here,  embodies  the  State  of  Montana's 
estimation  of  the  length  of  time  for  the  productivity  of  the  resource,  or  its  ability  to  provide 
services,  to  be  greatly  enhanced  relative  to  existing  conditions.    Like  estimates  of  restoration 
to  baseline,  estimates  of  substantial  recovery  involve  uncertainty,  depending  on  difficult 
projections  of  effects  resulting  from  various  actions. 

By  making  a  distinction  between  restoration  to  baseline  and  substantial  recovery,  the 
report  acknowledges  the  severity  of  injury  in  the  Upper  Clark  Fork  River  Basin  and 
emphasizes  that  the  extent  of  injury  and  inability  of  human  beings  to  fully  redress  the  injury 
do  not,  by  themselves,  justify  taking  no  action.    Indeed,  actions  that  improve  the  condition  of 
the  resource  and  lead  to  substantial  recovery,  even  if  not  producing  restoration  to  baseline  in 
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the  short-term,  will  accelerate  restoration. 

1.2.3  Response  Actions  and  the  Relationship  Between  Restoration  and  Response 

While  the  concept  of  baseline  indicates  where  restoration  stops,  it  does  not  aid  in 
determining  where  restoration  actions  are  to  begin.   At  the  Clark  Fork  River  NPL  sites 
various  response  actions  have  occurred  and  will  likely  continue  to  occur.    Such  actions, 
directed  and  ordered  by  EPA  and  the  Montana  Department  of  Health  and  Environmental 
Sciences  (MDHES),  are  not  typically  undertaken  to  restore  resources,  but  rather  to  address 
any  actual  or  potential  threat  to  public  health  or  the  environment.   Nonetheless,  these 
response  actions  tend  to  mitigate  injuries  to  natural  resources.   This  movement  towards  a 
resource's  baseline  condition  must  be  taken  into  account  during  restoration  planning.   A 
trustee  cannot  seek  damages  to  restore  what  has  already  been  accomplished  by  response 
actions.   Put  another  way,  natural  resource  damage  restoration  can  only  address  those 
injuries  that  are  residual  to,  or  left  over  after,  response  actions. 

In  order  to  ensure  that  the  "effects  of  response  actions  shall  be  factored  into  the 
analysis  of  damages,"  the  regulations  require  that  "[i]f  response  actions  will  not  be  completed 
until  after  the  assessment  has  been  initiated,  the  anticipated  effects  of  such  actions  should  be 
included  in  the  assessment."    43  C.F.R.  §11. 84(c)(2).   For  this  plan,  it  is  necessary  to 
anticipate  the  effects  of  two  kinds  of  response  actions:  those  that  have  been  selected  and 
those  that  have  not  yet  been  selected.   In  the  former  case,  effects  are  anticipated  by  analyzing 
the  various  decisionmaking  documents,  such  as  the  Record  of  Decision,  to  identify  what  the 
response  action  would  achieve  and  what  it  would  not  achieve  insofar  as  injury  mitigation  is 
concerned. 

In  cases  where  the  response  action  has  not  yet  been  selected-and  several  have  not-it 
is  necessary  as  a  threshold  matter  to  make  a  best  estimate  of  what  the  response  action  will 
be.   The  effects  of  the  estimated  action  are  then  projected.   This  is  done  by  reviewing 
pertinent  documents,  such  as  Remedial  Investigation  and  Feasibility  Studies  (RI/FS),  which 
describe  the  site  and  detail  the  response  action  alternatives,  by  evaluating  the  effects  or 
anticipated  effects  of  planned  or  potential  actions  at  various  sites  in  the  Basin,  by  considering 
the  Atlantic  Richfield  Company's  projection  of  remedy,  and  by  discussing  the  subject  with 
EPA  and  MDHES  personnel. 
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At  sites  where  the  RI/FS  process  is  ongoing,  neither  EPA  nor  MDHES  would,  or 
could,  state  whether  any  potential  response  action  would  or  would  not  be  selected.   Nothing 
contained  herein  should  be  construed  as  indicating  an  opinion  by  EPA  or  MDHES  on  the 
merits  of  potential  response  actions. 

A  further  point  on  the  relationship  between  response  actions  and  restoration  planning 
bears  noting.   The  differing  statutory  and  regulatory  schemes  under  which  CERCLA 
response  authorities  and  natural  resource  trustees  operate  create  the  potential  for  inconsistent 
response  actions  and  restoration  actions.   While  a  response  action  at  a  particular  site  may 
meet  its  goals  to  protect  public  health  and  the  environment,  a  restoration  action  at  the  same 
site  may  require  a  different  approach  than  that  taken  by  the  response  action  to  meet  its  goals. 
Based  on  this  reasoning,  DOI  has  made  it  plain  that  trustees  are  not  barred  from  selecting  a 
restoration  action  that  is  inconsistent  with  a  chosen  or  anticipated  response  action.    58  Fed. 
Reg.  39344  (col.  1),  39346  (col.  2),  59  Fed.  Reg.  14274  (col.  2). 

To  produce  maximum  gains  to  the  resource,  it  would  be  preferable  to  mesh  response 
and  restoration  actions.    This  can  be  achieved  only  by  coordination  among  the  various 
governmental  entities  involved--EPA,  MDHES,  and  the  Natural  Resource  Damage  Litigation 
Program. 

As  a  matter  of  policy,  coordinating  cleanup  actions  in  the  Upper  Clark  Fork  River 
Basin-be  they  response  or  restoration  actions-makes  good  sense.    Accordingly,  restoration 
alternatives  presented  in  this  report  assume  that  such  coordination  will  occur.    Thus,  if  a 
restoration  action  were  to  take  a  different  approach  than  a  response  action,  since  the 
restoration  action  would  accomplish  the  goals  of  the  response  action  and  then  some,  the 
restoration  action  would  be  implemented  and  any  conflict  avoided. 

This  is  not  to  say,  however,  that  a  restoration  action  would,  by  definition,  be 
unacceptable  if  there  was  a  conflict  with  a  response  action.   If  such  an  instance  arose,  despite 
efforts  by  response  and  restoration  authorities  to  avoid  such  a  conflict,  the  restoration 
alternative  proposing  the  action  would  need  to  be  evaluated,  like  any  other  restoration 
alternative,  on  a  site-specific  basis. 

1.2.4  The  Restoration  Decisionmaking  Process 

The  proposed  regulations  state  that  a  trustee  is  to  consider  a  reasonable  number  of 
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methodologies  or  alternatives  that  will  restore  the  injured  resources.    43  C.F.R.  §11. 8 1(a). 
The  trustee  is  advised  to  select  a  full  spectrum  of  alternatives  for  restoring  a  resource.    56 
Fed.  Reg.  19757  (col.  1).   This  means  that  the  trustee  might  consider  an  alternative  that 
returns  the  resource  and  its  services  to  baseline  conditions  as  soon  as  possible,  as  well  as  the 
alternative  of  no-action  or  letting  the  resource  recover  naturally.    DOI  emphasizes,  however, 
that  a  trustee  has  broad  discretion  to  decide,  based  on  its  expertise,  what  constitutes  a  full 
range  of  alternatives.    58  Fed.  Reg.  39341  (col.  3).    And,  of  course,  as  in  any  alternative 
analysis,  only  reasonable  alternatives  need  be  considered. 

Alternatives  may  be  constructed  out  of  four  kinds  of  trustee  actions.    These  are 
restoration,  rehabilitation,  replacement,  and  acquisition  of  the  equivalent.    Given  the  broad 
range  of  types  of  actions  allowed  for,  the  plan  does  not  attempt  to  pigeonhole  alternatives 
into  one  or  another  of  these  actions. 

Readers  of  this  plan  should  be  aware,  however,  that  after  considering  its  obligations 
as  trustee,  and  after  considering  a  wide  array  of  acquisition  options,  the  State  decided,  with 
one  exception,  not  to  display  alternatives  that  entailed  acquisition  as  a  means  of  replacing  lost 
services.    The  State  arrived  at  this  decision  for  two  basic  reasons.    First  and  foremost, 
acquisition  does  nothing  to  improve  the  condition  of  the  injured  resources.    Given  the  extent 
and  severity  of  injuries  and  the  relative  abundance  of  land  already  in  public  ownership,  the 
State  deemed  it  preferable  to  select  from  among  a  range  of  alternatives  that  improved  the 
condition  of  the  injured  resource.    Second,  it  is  the  State's  position  that  although,  as 
described  above,  there  may  be  circumstances  where  acquisition  is  appropriate,  CERCLA 
establishes  a  preference  for  trustee  actions  that  specifically  address  the  injured  resources. 

When  selecting  an  alternative,  a  trustee  must  consider  all  relevant  factors.    There  are 
ten  factors  that  must  be  considered  in  all  instances.    11  C.F.R.  §11. 82(d).    No  factor  must 
be  complied  with,  nor  are  some  factors  weighted  more  heavily  than  other  factors.    Rather, 
trustees  are  afforded  a  substantial  degree  of  flexibility  when  selecting  an  appropriate 
restoration  alternative.    56  Fed.  Reg.  19757  (col.  3),  58  Fed.  Reg.  39342  (col. 2),  59  Fed. 
Reg.  14273  (col.  3).    A  discussion  of  the  factors  that  must  be  considered  follows. 
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1)  Technical  feasibility   Under  this  factor,  trustees  must  evaluate  the  degree  to  which 
the  alternative  utilizes  "well  known"  technologies  and  how  likely  the  alternative  will  "have  a 
reasonable  chance  of  successful  completion  in  an  acceptable  period  of  time."    11  C.F.R. 
§11.14(qq).   The  focus  of  this  factor  is  to  evaluate  varying  levels  of  technical  feasibility 
between  alternatives.    58  Fed.  Reg.  39343  (col.  1). 

2)  Relationship  of  expected  costs  to  expected  benefits  The  purpose  of  this  factor  is  to 
permit  a  comparison  between  alternatives  with  different  costs  and  benefits,  not  to  establish  a 
cost-benefit  ratio  that  is  by  definition  unacceptable.    58  Fed.  Reg.  39343  (cols.  1,2).    A 
trustee  must  weigh  an  alternative's  costs  against  its  benefits,  both  in  terms  of  the  recovery  of 
the  resource  and  the  effects  on  the  public.   56  Fed.  Reg.  19758  (col.  1).   Thus,  the 
application  of  this  factor  is  not  a  "straight  cost/benefit  analysis."    Id^  Rather,  as  noted, 
benefits  are  determined  by  evaluating  not  just  the  lost  interim  use  (costs  to  the  public  until 
the  resource  returns  to  baseline)  associated  with  the  alternative,  but  also  by  evaluating  the 
effect  on  the  resource.    While  the  former  measure  can  be  quantified,  it  is  not  possible  to 
quantify  the  later  measure.    Indeed,  this  factor  subsumes  all  the  other  factors  and  requires  an 
evaluation  of  the  costs  (or  disadvantages)  of  selecting  an  alternative  with  the  benefits  (or 
advantages)  to  be  derived  from  that  alternative's  selection.    All  of  the  factors  are  designed  to 
reveal  an  alternative's  costs  and  benefits.    Thus,  since  this  factor  relies  on  all  the  factors,  it 
is  the  decisionmaking  factor  and  will  be  discussed  last  when  the  factors  are  considered. 

3)  Cost-effectiveness   This  factor  enables  a  trustee  to  compare  alternatives  that 
produce  the  same  or  a  similar  level  of  benefits.   43  C.F.R.  §11.14(j).   All  of  the  other 
factors  can  be  considered  in  determining  the  level  of  benefits  produced  by  an  alternative.    58 
Fed.  Reg.  39343  (col  3).    For  example,  given  two  alternatives  that  will  result  in  significantly 
different  rates  of  recovery  (see  below  for  a  discussion  of  this  factor),  cost-effectiveness  will 
not  be  dispositive. 

4)  Results  of  response  actions  This  factor  requires  the  trustee  to  consider  the  results 
of  actual  or  planned  response  actions.   Under  this  plan,  as  discussed  above,  the  assumption  is 
that  coordination  between  response  actions  and  restoration  actions  will  occur.    Also  as  noted, 
however,  real-life  inconsistency  between  a  response  action  and  a  restoration  action  does  not 
necessarily  require  rejection  of  the  restoration  action. 


1-9 


5)  Potential  for  additional  injury  Under  this  factor,  trustees  must  consider  whether, 
and  to  what  degree,  an  alternative  will  result  in  adverse  environmental  impacts. 

6)  Natural  recovery   In  each  of  the  injury  reports,  the  State  of  Montana  has  estimated 
the  time  period  for  natural  recovery  assuming  that  only  response  actions  are  undertaken. 
Accordingly,  this  factor  requires  trustees  to  consider  natural  recovery  when  evaluating 
alternatives,  but  does  not  establish  a  rule  or  preference  for  when  a  trustee  is  to  select  natural 
recovery.   58  Fed.  Reg.  39344  (col.  2).  The  appropriateness  of  natural  recovery  is  to  be 
determined  by  the  trustee  on  a  resource-by-resource  basis. 

7)  Ability  of  the  resource  to  recover  This  factor,  which  is  related  to  the  previous 
factor,  enables  the  trustee  to  consider  the  relative  advantages  and  disadvantages  of  the 
alternatives,  including  a  natural  recovery  alternative,  in  terms  of  what  is  recovered  and  how 
rapidly.   This  factor  and  the  natural  recovery  factor  will  be  considered  together. 

8)  Human  health  and  safety   This  factor  requires  trustees  to  consider  whether  an 
alternative  will  have  adverse  effects  on  human  health  and  safety. 

9)  Federal,  state,  and  tribal  policies  This  alternative  requires  consideration  of  the 
degree  to  which  an  alternative  is  consistent  with  applicable  policies. 

10)  Federal,  state,  and  tribal  laws  This  alternative  requires  consideration  of  the 
degree  to  which  an  alternative  is  consistent  with  applicable  laws. 

1.3   The  Sites 

A  brief  overview  of  the  activities  causing  injuries  to  natural  resources  and  a  general 
description  of  the  injuries  may  be  useful  at  this  point.   Further  description  of  the  sites  and 
the  injuries  is  also  provided  in  the  individual  resource  chapters. 

As  is  well  known,  extensive  copper  mining  has  taken  place  in  Butte,  Montana. 
Beginning  in  the  1880s,  literally  thousands  of  miles  of  tunnels  were  dug  to  access  the  ore 
body.    In  the  1950s,  open-pit  mining  began  with  the  construction  of  the  Berkeley  Pit.   When 
mining  and  the  groundwater  pumping  required  for  mining  ceased,  acid-mine  drainage 
occurred.    As  a  result,  the  Berkeley  Pit,  abandoned  mine  tunnels,  and  surrounding  bedrock 
contain  highly  contaminated  groundwater. 

Mineral  processing  activities  and  smelting  in  Butte  have  resulted  in  the  disposal  of 
large  volumes  of  tailings,  process  waters,  and  other  waste  products.    Infiltration  of 
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precipitation  through  tailings,  soils  contaminated  by  process  water  releases  and  waste 
products,  and  groundwater  contact  with  these  materials,  cause  hazardous  substances  to  be 
transported  to  groundwater. 

These  past  mining  activities  and  disposal  practices  in  the  Butte  area  have  resulted  in 
groundwater  injury.    Injury  is  demonstrated  by,  among  other  things,  the  fact  that 
groundwater  exceeds  state  and  federal  drinking  water  standards  for  various  substances, 
including  arsenic,  copper,  zinc,  cadmium,  sulfate,  and  manganese. 

Disposal  of  tailings,  process  water,  and  other  waste  products  in  the  Butte  area  also 
cause  surface  water  contamination.    This  occurs  in  two  ways.    First,  Butte  Hill  groundwater 
that  is  not  captured  by  the  Pit  flows  downgradient  and  discharges  to  Silver  Bow  Creek. 
Thus,  contaminated  Butte  groundwater  is  a  source  of  contamination  for  Silver  Bow  Creek. 
Second,  surface  runoff  from  tailings  and  waste  products  transports  these  materials  directly 
and  indirectly  to  Silver  Bow  Creek. 

A  unit  of  the  Silver  Bow  Creek/Butte  Addition  NPL  site  known  as  Area  One 
demonstrates  the  complexities  of  the  interactions  between  various  resources.    At  Area  One, 
buried  tailings  and  waste  products  at  the  former  site  of  the  Parrot  Smelter  have  contaminated 
groundwater,  which  subsequently  discharges  to  Silver  Bow  Creek.    At  Lower  Area  One, 
tailings  and  waste  products  at  the  former  site  of  the  Colorado  Smelter  and  the  Butte 
Reduction  Works  are  located  immediately  adjacent  to  Silver  Bow  Creek.    Groundwater, 
Silver  Bow  Creek,  and  waste  materials  are  intimately  related  at  Lower  Area  One,  causing 
contaminated  groundwater  to  become  contaminated  surface  water.    Also,  tailings  and  waste 
products  in  the  floodplain  are  continually  being  rereleased  to  Silver  Bow  Creek  as  a  result  of 
surface  runoff  and  streambank  erosion. 

This  pattern  of  sources  releasing  hazardous  substances  to  resources,  which  in  turn 
become  sources  that  rerelease  hazardous  substances  to  other  resources,  is  typical.   Indeed, 
this  characterization  depicts  the  Upper  Clark  Fork  River  Basin~from  the  upper  reaches  of  the 
watershed  in  Butte  downstream  some  140  miles  to  Milltown  Reservoir. 

Silver  Bow  Creek  is  conu.  ninated  by  a  number  of  sources.  As  discussed  above,  the 
Creek  receives  contaminated  Butte  groundwater  and  surface  runoff  from  Butte  area  sources. 
In  addition,  virtually  the  entire  floodplain  of  Silver  Bow  Creek  is  contaminated.    Hazardous 
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substances  residing  in  the  Creek's  floodplain  and  banks  are  transported  to  the  Creek  from 
surface  runoff  and  channel  erosion.    Finally,  the  bed  of  the  Creek  is  comprised  of 
contaminated  sediments. 

Adjacent  to  Silver  Bow  Creek  are  the  former  sites  of  the  Montana  Pole  and  Treating 
Plant  and  the  Rocker  Timber  and  Framing  Plant.    Groundwater  and  soil  contamination  have 
resulted  from  releases  of  hazardous  substances  at  these  facilities.   Contaminated  groundwater 
from  the  sites  migrates  to  Silver  Bow  Creek. 

Injury  to  Silver  Bow  Creek  is  demonstrated  by,  among  other  things,  exceedances  of 
water  quality  standards,  the  inability  of  fish  to  live  in  the  Creek,  lack  of  aquatic  diversity, 
and  loss  of  riparian  resources. 

Continuing  downstream,  22  miles  from  Butte,  Silver  Bow  Creek  ends  at  Warm 
Springs  Ponds  near  the  town  of  Anaconda.    The  Ponds  were  constructed  to  settle  out  the 
large  volumes  of  contaminated  materials  transported  downstream  by  Silver  Bow  Creek.    The 
collection  of  sediments  in  the  Ponds  has  resulted  in  groundwater  contamination  beneath  and 
around  the  Ponds. 

Mineral  processing  and  smelting  operations  in  the  Anaconda  area  have  also  caused 
significant  impacts.    Airborne  emissions  from  smelting  released  large  volumes  of  hazardous 
substances  over  a  wide  area.    When  these  substances  were  deposited  on  the  land  surface, 
injury  to  soil,  vegetation,  wildlife,  and  wildlife  habitat  resulted.    Operations  at  Anaconda  also 
produced  enormous  volumes  of  tailings,  waste  water,  and  waste  products  generally.   These 
materials  were  disposed  in  and  around  the  Anaconda  area,  most  notably  at  Opportunity  Ponds 
and  Anaconda  Ponds.    As  a  consequence  of  this  disposal,  groundwater  in  the  Anaconda  area 
is  contaminated  and  riparian  resources  injured. 

The  Clark  Fork  River  from  Warm  Springs  Ponds  to  Milltown  Reservoir  is  also 
contaminated  by  mining  waste.    Hazardous  substances  contained  in  mining  wastes  have 
injured  aquatic  resources.    Floodplain  tailings,  bed  sediments,  and  poor  water  quality  cause 
fish  populations  to  be  reduced  from  what  they  otherwise  would  be,  on  average,  by  a  factor  of 
six. 

Lastly,  at  Milltown  Reservoir  sediments  transported  downriver  from  upstream  sources 
have  accumulated  in  significant  quantities.    This  has  caused  the  aquifer  underlying,  and 
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adjacent  to,  the  reservoir  to  become  contaminated. 

While  the  foregoing  discussion  introduces  the  Upper  Clark  Fork  River  Basin,  it  also 
illustrates  a  critical  feature  of  restoration  planning  and  a  relevant  factor  for  restoration 
decision  making.   The  restoration  of  one  part  of  the  system  is  likely  dependant  on  some  other 
part  of  the  system.    Accordingly,  it  is  necessary  when  devising  alternatives,  and  it  will  be 
necessary  when  selecting  alternatives,  to  consider  systemic  effects. 

1.4       Report  Organization 

The  report  identifies  restoration  alternatives  for  nine  geographic  areas  and  for  four 
general  categories  of  natural  resources.    The  nine  geographic  areas  are:    Butte  Hill,  Area 
One,  Silver  Bow  Creek,  Montana  Pole,  Rocker,  Smelter  Hill  Area  Uplands,  Anaconda  Area 
(including  Opportunity  Ponds,  Anaconda  Ponds  and  Warm  Springs  Ponds),  Clark  Fork 
River,  and  Milltown  Reservoir.    The  natural  resource  categories  are:    aquatic  resources 
(surface  water,  sediments,  and  aquatic  life);  riparian  resources  (soils,  vegetation,  wildlife, 
and  wildlife  habitat);  upland  resources  (soils,  vegetation,  wildlife,  and  wildlife  habitat);  and 
groundwater  resources. 

Each  chapter  begins  with  a  general  description  of  the  specific  area  and  its  injuries. 
Next  there  is  a  description  of  the  sources  of  hazardous  substances  to  the  injured  resources. 
For  restoration  to  occur,  the  sources  of  hazardous  substances  must  be  addressed.    Each 
chapter  then  describes  the  chosen  or  anticipated  response  action  and  the  residual  injury  to  the 
resource  based  on  the  anticipated  effects  of  the  response  action. 

Next,  restoration  alternatives  are  proposed.    These  alternatives  include  "actions  that 
are  needed  to  bring  the  injured  resources  and  their  services  back  to  baseline  ...  in  a 
relatively  short  period  of  time"  and  "actions  combined  in  a  manner  that  would  optimize  the 
recovery  of  all  injured  resources  and  services  back  to  their  baseline  conditions."   56  Fed. 
Reg.  19757.    The  alternative  of  natural  recovery  is  considered  for  all  resource  areas. 

Each  alternative  proposed  will  be  described  and  its  effects  on  injured  resources 
discussed.    The  regulations  do  not  require  a  specific  level  of  detail;  rather  the  Plan  must  be 
sufficiently  detailed  so  as  to  allow  a  reasoned  evaluation  of  the  alternatives.   43  C.F.R. 
§1 1.81(a)(2).    As  mentioned  earlier,  an  estimate  will  be  made  for  each  alternative  of  when 
resources  and  services  will  be  returned  to  baseline.   Estimates  of  substantial  recovery  will 
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also  be  made.    No  alternative  is  designed  to  exceed  baseline. 

Lastly,  the  alternatives  will  be  analyzed  based  on  all  relevant  factors  and  compared 
against  each  other.   Based  on  this  evaluation  the  State  will  select  an  alternative  for  each 
resource  chapter.   A  "brief  explanation— sufficient  to  understand  and  evaluate  the 
explanation--of  the  rationale  for  selecting  a  particular  alternative  will  be  provided.    56  Fed. 
Reg.  19756  (col.  3). 

Information  on  the  cost  of  the  alternatives  is  provided  in  an  appendix.    The 
information  that  was  relied  on  for  the  cost  estimates  is  referenced  and  will  be  included  in  the 
administrative  record.    Issues  specific  to  the  cost  tables  are  discussed  in  an  introductory 
section  to  the  Appendix  and  in  notes  that  accompany  the  tables. 

Finally,  the  last  section  of  the  Plan  is  comprised  of  the  cost  tables  for  the  selected 
alternatives. 
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2.0       BUTTE  HILL  GROUNDWATER  RESOURCRS 

2.1   Description  of  Site  and  Injury 

The  Berkeley  Pit,  the  adjoining  underground  mine  workings,  and  the  bedrock  and 
alluvial  aquifers  on  Butte  Hill  represent  one  of  the  most  contaminated  bodies  of  water 
associated  with  a  metals  mining  facility  in  the  world.   Combined,  this  water  body  presently 
contains  over  60  billion  gallons  of  contaminated  water.   Levels  of  hazardous  substances  in 
this  contaminated  water  exceed  primary  and  secondary  drinking  water  standards  for 
numerous  metals  and  other  contaminants  by  several  hundred  to  a  thousand  fold. 

Other  significant  features  of  the  site  include  the  Yankee  Doodle  Tailings  Pond  and 
Dam,  the  leach  pads  north  of  the  pit,  and  various  waste  rock  dumps.   These  areas  continue 
to  be  a  source  of  hazardous  substances  to  groundwater. 

Mining,  which  began  before  the  turn  of  the  century,  ultimately  resulted  in  an 
extensive  (about  3,000  miles)  network  of  interconnected  subsurface  workings  (tunnels,  shafts, 
etc.).    As  the  mining  progressed  in  depth,  groundwater  began  to  accumulate  in  the  mine 
workings,  having  migrated  from  crevices,  cracks  and  fissures  in  the  bedrock.    In  order  to 
continue  mining  it  soon  became  necessary  to  pump  this  water  from  the  mine  workings. 
During  the  later  stages  of  underground  mining,  groundwater  was  being  pumped  (at  the  Kelly 
Mine  shaft)  from  the  mines  at  rates  as  high  as  7,000  gallons  per  minute  (gpm),  or  10.1 
million  gallons  per  day  (mgd),  or  11,300  acre-feet  per  year. 

In  the  late  1950s,  plugs  (bulkheads)  were  installed  in  the  mines  to  decrease  the  flow 
of  groundwater  between  mine  workings.    The  bulkheads  resulted  in  a  division  of  Butte  Hill 
into  hydrologic  areas:    "East  Camp"  and  "West  Camp."   The  East  Camp  includes  the 
Berkeley  Pit,  the  Kelley,  Anselmo,  Belmont,  Original,  Granite  Mountain,  Lexington,  and 
Steward  mines  and  associated  underground  mine  workings.   The  West  Camp  includes  the 
Travona,  Emma,  and  Ophir  mine  shafts  plus  associated  underground  mine  workings. 

Open  pit  mining  began  at  the  Berkeley  Pit  in  1955.   When  mining  ceased  at  the 
Berkeley  Pit  in  1982,  the  bottom  of  the  pit  was  at  an  elevation  of  4,265  feet  above  mean  sea 
level  (msl).    (All  elevations  cited  here  are  based  on  USGS  datum.)   The  total  depth  of  the 
pit,  from  the  bottom  to  the  highest  point  on  the  rim,  is  1,780  feet;  the  areal  extent  of  the  pit 
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is  approximately  700  acres. 

Dewatering  the  mine  workings  also  kept  the  pit  dewatered.    Dewatering,  however, 
ended  with  the  termination  of  mining  in  1982.    Consequently,  since  1982,  as  the  groundwater 
has  risen  toward  its  pre-mining  levels,  the  pit  and  mine  workings  have  been  filling  with 
contaminated  groundwater.   The  water  level  in  the  pit  in  October  1994  was  5,109  feet, 
representing  a  depth  of  water  of  815  feet. 

Since  the  water  level  in  the  pit  is  lower  than  in  the  East  Camp  aquifers  which 
intersect  the  Berkeley  Pit,  the  groundwater  in  these  aquifers  flows  towards  and  into  the  pit. 
ARCO  studies  have  indicated  that  so  long  as  the  water  level  in  the  East  Camp/pit  system 
remains  at  or  below  an  elevation  of  5,410  feet-the  "critical  water  level"  (CWL)-the  pit  and 
the  connected  underground  workings  will  serve  as  a  sink  and  contain  Butte  Hill's 
contaminated  groundwater.    If  the  water  exceeds  the  CWL,  these  studies  indicate  that 
contaminated  groundwater  will  flow  in  the  aquifer  systems  away  from  the  pit  causing  further 
expansion  of  the  contamination  and  injury  to  the  Butte  ground  and  surface  water  systems.' 

The  total  volume  of  injured  groundwater  in  the  bedrock  aquifer  (including  the 
underground  workings)  is  estimated  to  be  119,000  acre-feet;  in  addition,  there  is  some 
74,000  acre-feet  of  contaminated  water  in  the  Berkeley  Pit.   When  the  CWL  is  reached,  the 
volume  of  contaminated  water  in  the  pit  is  expected  to  increase  to  196,000  acre-feet;  at  such 
time  the  volume  of  contaminated  groundwater  in  the  bedrock  aquifer  will  have  increased  to 
about  131,000  acre-feet.    Presently  the  total  volume  of  injured  groundwater  in  the  Butte  Hill 
alluvial  aquifer  is  estimated  to  be  4,860  acre-feet.    The  areal  extent  of  the  injured 
groundwater  in  the  bedrock  aquifer  is  about  4,133  acres  (6.5  square  miles)  and  in  the  alluvial 
aquifer  is  about  505  acres. 

2.2   Sources  of  Hazardous  Substances 

The  Berkeley  Pit  and  underground  mine  workings  intersect  the  alluvial  and  bedrock 
aquifers  underlying  the  Butte  Hill  area  and  are  important  sources  of  contamination  of  bedrock 


'  Other  experts  have  opined  that  groundwater  in  the  alluvial  aquifer  system  may  flow  away  from  the 
pit  prior  to  the  CWL  being  reached.    This  issue  will  be  addressed  during  the  "Active  Mining  RI/FS" 
process. 
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groundwater.    Other  sources  of  contamination  for  both  the  bedrock  and  alluvial  aquifers  are 
waste  rock,  mill  tailings,  leach  pads,  leaching  solution  (with  added  sulfuric  acid),  and  mill 
process  solutions.   Leaching  of  exposed  ore  and  mine  waste,  both  by  circulating  groundwater 
and  added  sulfuric  acid,  causes  injury  to  groundwater.   Injury  is  manifested  by 
concentrations  of  metals  and  other  chemical  constituents  grossly  in  excess  of  drinking  water 
standards.    Mining-related  processes  have  resulted  in  the  release  of  hazardous  substances, 
such  as  arsenic,  beryllium,  cadmium,  copper,  lead,  mercury,  zinc,  sulfuric  acid,  and  sulfides 
of  copper,  arsenic,  zinc  and  lead  to  the  groundwater. 

The  primary  mechanism  for  groundwater  contamination  in  the  bedrock  aquifer  is  the 
leaching  of  mineralized  material,  including  sulfide  minerals  and  efflorescent  salts  remaining 
in  underground  workings,  which  generates  acid  mine  drainage.    (Acid  mine  drainage,  when 
circulated  in  the  underground  workings  and  bedrock  aquifer  dissolves  metal  sulfides  and 
releases  sulfates  and  metals  to  the  groundwater.) 

2.3   CERCLA  Response  Actions 

ARCO  is  currently  subject  to  the  Butte  Mine  Flooding  Operable  Unit  (BMFOU) 
administrative  order  on  consent  (AO-Docket  No.  CERCLA  VIII-90-09)  which  requires  the 
water  level  in  the  East  Camp/pit  system  to  be  maintained  below  the  CWL.    If  the  CWL  is 
reached,  the  pit  water  must  be  pumped  and  treated  so  that  the  CWL  is  not  exceeded.    Also,  a 
Record  of  Decision  (ROD)  was  issued  by  EPA  on  September  29,  1994  which  outlines  the 
remedy  for  the  Butte  Mine  Flooding  Operable  Unit. 

2.3.1   East  Camp  Remediation 

As  stated  in  the  September  29,  1994  ROD,  the  primary  objective  of  the  remedy  is  to 
protect  human  health  and  the  environment  from  threats  posed  by  the  rising  contaminated 
waters  in  the  Butte  Mine  Flooding  Operable  Unit.   To  meet  this  objective,  the  remedy  is 
intended  to  control  the  inflow  of  water  to  the  Pit;  maintain  the  ground  water  in  the  bedrock 
system  at  such  a  level  to  preclude  the  release  of  contaminants  into  the  alluvial  aquifer  and  the 
Silver  Bow  Creek  drainage  basin;  and  promote  the  development  of  innovative  treatment 
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and/or  metals  recovery  processes  in  the  future.^   Outlined  below  are  the  major  components 
of  the  ROD:^ 

•  Permanently  controlling  and  treating  2.4  million  gallons  of  water  flowing  each 
day  from  the  Horseshoe  Bend  area  into  the  Berkeley  Pit.    (That  amount  has  recently 
increased  to  about  3.4  mgd  according  to  Ted  Duaime  of  the  MBMG.)   Horseshoe  Bend  is 
located  northeast  of  the  Pit,  between  the  Yankee  Doodle  Tailings  Ponds  and  the  Pit.    This 
water  will  be  kept  within  the  Montana  Resources  ore  processing  water  circuit  while  the 
company  is  operating,  and  will  be  diverted  to  a  newly  constructed  treatment  plant  when  ore 
processing  is  suspended. 

•  Establishing  a  comprehensive  surface  and  groundwater  monitoring  program 
using  wells,  shafts,  and  other  locations.    Six  new  bedrock  and  one  additional  alluvial  well 
will  be  drilled  to  make  the  monitoring  program  more  complete.   The  wells  will  be  monitored 
for  water  levels  and  quality  and  to  verify  groundwater  flow  direction.   EPA  also  will  monitor 
numerous  private  wells  in  Butte. 

•  Treating  Berkeley  Pit  water  as  it  approaches  the  Critical  Water  level  of  5,410 
feet.   Keeping  the  water  level  in  the  East  Camp  system  below  the  5,410  level  will  prevent  it 
from  entering  and  contaminating  the  area's  alluvial  aquifer.    EPA  expects  the  water  may 
approach  this  level  in  the  year  2025,  providing  that  Horseshoe  Bend  water  is  diverted. 

•  Diverting  all  clean  water  in  the  Mine  Flooding  operable  unit  around  the  Pit 
when  mining  stops. 

2.3.2   West  Camp  Remediation 

The  Anaconda  Company  discontinued  dewatering  the  West  Camp  mines,  via  the 
Emma  shaft,  in  1965.   As  a  result,  the  bedrock  water  level  began  to  rise  (to  5,515  ft  in  the 
Travona  shaft)  producing  groundwater  seeps  at  the  surface  and  in  the  basements  of  houses  in 
Butte.    In  response,  in  December  1965  and  January  1966,  the  Anaconda  Company  drilled 
and  installed  "Relief  Well  No.  21"  to  alleviate  the  flooding  problem.    Well  21  flowed  at  a 


^   Declaration  for  the  Record  of  Decision,  dated  September  29,  1994,  signed  by  William  Yellowtail 
and  Robert  J.  Robinson. 

'   Bune/Walkerville,  Montana  Superfund  Progress  Report,  December,  1994. 
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rate  of  about  200  gpm  and  was  discharged  into  Missoula  Gulch  for  three  years.    During  this 
time,  the  groundwater  level  elevation  in  the  Travona  shaft  remained  at  about  5,475  ft.    In  the 
spring  of  1969,  groundwater  stopped  flowing  from  Well  21  and  the  groundwater  level  in  the 
Travona  shaft  dropped  considerably. 

In  May  1982,  the  groundwater  level  elevation  in  the  Travona  shaft  was  5,164  ft.   In 
May  1984,  groundwater  levels  in  the  West  Camp  system  began  to  rise  again.   In  response  to 
this  renewed  mine  flooding,  EPA  implemented  the  Travona  Shaft/West  Camp  System' 
Expedited  Response  Action  ("Travona  ERA").    In  April  1989,  an  administrative  order  on 
consent  (AOC)  was  entered  as  Docket  No.  CERCLA  VIII-89-19,  which  required  the 
pumping  of  water  from  the  Travona  shaft  to  maintain  the  groundwater  level  in  the  West 
Camp  system  below  5,435  ft.   The  September  29,  1994  ROD  also  states  that  the  action  taken 
to  control  the  West  Camp  water  in  1989  is  still  appropriate  and  is  incorporated  into  this 
remedy. 

One  of  the  principal  purposes  of  the  Travona  ERA  is  to  abate  the  potential  for  a 
release  of  West  Camp  groundwater,  which  exceeds  water  quality  criteria  for  iron,  sulfate, 
and  arsenic,  into  Silver  Bow  Creek.    The  5,435  ft.  action  level  corresponds  to  the 
approximate  alluvial  water  level  along  the  creek  directly  south  of  Well  21. 

In  1989,  as  part  of  the  Travona  ERA,  treatability  studies  were  conducted  for  the 
purpose  of  developing  a  treatment  plant  for  the  West  Camp  water.    In  late  1989,  a  pumping 
and  monitoring  system  was  designed,  installed,  and  tested  in  the  Travona  shaft.   A  contract 
between  the  PRPs  and  the  Butte/Silver  Bow  County  to  allow  water  to  be  pumped  to  the  Butte 
Waste  Water  Treatment  Plant  was  finalized  and  pumping  began  in  November  of  1989. 
Under  this  contract,  groundwater  is  pumped  to  the  treatment  plant  at  about  150  gpm  (or 
about  .22  mgd)  during  about  half  of  each  year.    (In  other  words,  to  keep  the  water  below  the 
5,435  ft.  critical  level  it  is  necessary  to  pump  intermittently;  in  total,  this  intermittent 
pumping  amounts  to  150  gpm  over  about  6  months  out  of  each  year.)  This  groundwater  is 
mixed  with  sewage  and  subsequently  treated  at  the  plant.   If  the  Waste  Water  Treatment 
Plant  cannot  continue  to  accept  this  water,  it  will  be  necessary  to  treat  the  water  at  a 
different  plant  or  construct  another  treatment  plant  to  handle  this  flow. 
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2.4  Residual  Injury 

Presumably  pumping  and  treating  the  pit  water  and  in-flow  once  the  CWL  is  reached 
will  preclude  further  contamination  of  the  aquifer  systems;  however,  pumping  and  treating 
will  not  address  the  continued  infiltration  of  contamination  from  the  existing  mine  tunnels 
and  other  surface  and  subsurface  sources,  such  as  old  mine  dumps,  the  pit  walls,  the  Yankee 
Doodle  Tailings  Pond,  and  the  leach  pads."   Consequently,  groundwater  in  both  the  alluvial 
and  bedrock  aquifers  in  the  Butte  Hill  area,  and  in  the  Pit  itself,  will  continue  to  be 
contaminated  above  drinking  water  standards  by  these  sources  for  thousands  to  tens  of 
thousands  of  years. 

2.5  Restoration  Alternatives 
2.5.1   Introduction 

The  September  29,  1994  ROD  found  that  attainment  of  primary  and/or  secondary 
drinking  standards  in  the  bedrock  aquifer  is  technically  impracticable  from  an  engineering 
perspective.   The  principal  reasons  for  this  are:    1)  the  extremely  large  horizontal  and 
vertical  extent  of  the  contamination;   2)  the  potentially  applicable  remediation  technologies 
are  not  proven  in  conditions  similar  to  this  site;  and   3)  even  if  one  of  the  potentially 
applicable  technologies  were  used,  the  cost  of  remediation  would  be  inordinately  high.    It  is 
infeasible  to  remove  one  of  the  major  contamination  sources,  i.e.,  the  billions  of  cubic  yards 
of  partially  mined-out  bedrock.   In  addition,  the  ability  to  effectively  deliver  grout  or  acid 
neutralizing  fluids  to  the  subsurface  is  very  uncertain  from  an  engineering  standpoint  due  to 
the  extremely  large  extent  of  underground  workings  and  the  improbability  of  reaching  all  of 
the  mine  workings.    Moreover,  both  grouting  of  the  underground  workings  and  injection  of 
acid  neutralizing  fluids  are  prohibitively  expensive  methods  given  the  conditions  at  the  site 
(estimated  at  $9  to  $11.8  billion,  respectively). 

Due  to  the  nature  and  extent  of  injury,  restoration  or  even  substantial  recovery  of 
Butte  Hill  groundwater  is  not  possible.    When  actual  restoration  or  rehabilitation  is  not 


*  Furthermore,  there  have  been  a  number  of  studies  of  the  Yankee  Doodle  Tailings  Dam,  which,  when 
considered  as  a  whole,  are  inconclusive  as  to  the  seismic  safety  of  the  dam.    Thus,  the  State  of  Montana 
reserves  its  rights  regarding  the  potential  additional  contamination  and  other  types  of  damages  which  could 
be  brought  about  by  a  failure  of  this  tailing  dam. 
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possible  a  trustee  can  consider  alternative  methods  of  redressing  the  injury.    Such  a  method 
is  a  replacement  option,  or  the  substitution  of  a  resource  for  the  injured  resource. 
Alternative  No.  2A  is  a  "replacement"  option. 

2.5.2   Alternative  No.  2A 

The  private  well  inventory  completed  for  the  BMFOU  Remedial  Investigation 
indicates  that  there  are  more  than  800  private  and  municipal  wells  within  the  BMFOU  study 
area.    In  the  "study  subarea,"  which  is  defined  as  the  portion  of  the  study  area  "where  wells 
could  potentially  be  impacted  by  mine  flooding  waters,"  there  are  140  wells.    Thus, 
groundwater  serves  as  an  important  source  of  water  in  Butte;  furthermore,  use  of 
groundwater  in  Butte  would  be  significantly  greater  if  it  were  not  contaminated.   The  public, 
however,  is  precluded  from  using  the  contaminated  aquifers  and  water  as  a  water  source. 

A  groundwater  resource  is  also,  in  essence,  an  underground  reservoir.    Such  a 
reservoir  offers  a  number  of  services  beyond  the  supply  of  drinking  water;  such  services 
include  water  storage  and  transport.    Such  services  which  were  once  provided  by  the  Butte 
Hill  bedrock  and  alluvial  aquifers  have  essentially  been  lost  as  a  result  of  the  contamination. 

Accordingly,  this  alternative  considers  the  functional  replacement  of  the  lost  resource 
and  the  services  which  the  resource  once  provided.    Under  this  alternative  the  327,000  acre- 
feet  of  water,  which  has  been  or  will  be  lost,  would  be  replaced  by  other  water,  and  a 
portion  of  the  storage  capacity  of  the  contaminated  aquifer  would  be  replaced  by  surface 
reservoirs.    In  other  words,  under  this  alternative,  new  or  expanded  local  reservoirs  near 
Butte  would  be  constructed  and  filled  with  replacement  water.   These  reservoirs  and  water 
could  then  be  used  as  a  source  of  domestic  and/or  irrigation  water.    Such  reservoirs  and 
water  could  also  be  used  as  in-stream  flow  for  fishery  enhancement  in  Silver  Bow  Creek  and 
the  Clark  Fork  River.    (Thus,  this  alternative  can  also  be  viewed  as  a  replacement  of  the 
groundwater  which  would  be  flowing  into  Silver  Bow  Creek  if  the  hydrolic  sink  created  by 
the  Berkeley  Pit  did  not  exist.) 

The  total  storage  capacity  of  the  replacement  reservoirs  would  be  determined  based 
upon  the  following  rationale:  In  Montana  it  is  relatively  common  for  homeowners  drill 
domestic  wells  in  bedrock  as  deep  as  500  feet.   Such  wells  normally  have  a  yield  of  from  5 
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to  50  gpm.*  It  is  estimated  that  the  volume  of  the  bedrock  aquifer,  which  could  otherwise 
be  used  for  domestic  wells,  that  has  been  lost  through  contamination  is  approximately  20,700 
acre  feet.'  In  addition,  there  has  been  the  loss  of  4,860  acre- feet  of  alluvial  aquifer  on  Butte 
Hill.   Thus,  this  alternative  would  call  for  the  construction  of  reservoirs  totalling  25,560 
acre-feet  of  storage  capacity. 

In  addition,  under  this  alternative  these  replacement  reservoirs,  and/or  Silver  Bow 
Creek,  would  be  supplied,  over  a  30  year  period,  with  327,000  acre-feet  of  water, 
representing  the  total  volume  of  water  which  will  be  lost  due  to  contamination  in  the  bedrock 
and  alluvial  aquifers  by  the  time  the  CWL  is  reached.   The  30  years  used  in  this  alternative 
corresponds  roughly  to  the  time  between  the  construction  of  the  reservoirs,  which 
presumedly  will  occur  in  the  years  2000-2001,  and  the  year  the  CWL  is  expected  to  be 
reached,  i.e.,  2025.   This  alternative  also  assumes  that  an  equal  amount  of  the  327,000  acre- 
feet  of  water  will  be  replaced  each  year,  i.e.,  10,900  acre-feet,  plus  an  additional  1090  acre- 
feet  of  water  will  be  supplied  to  make  up  for  evaporation  and  transportation  losses.^ 

2.5.3  Alternative  No.  2B 

Under  this  alternative  the  potential  responsible  parties  (PRPs)  would  pay  a  sum 
certain  for  the  purpose  of  helping  to  pay  for  the  upgrading  of  the  Butte  water  supply  system. 


'  In  fact,  in  the  residential  area  just  south  of  Butte  some  174  wells,  with  an  average  depth  of  170.5  feet, 
are  drilled  into  bedrock  for  domestic  use.  These  wells  have  an  average  yield  of  18.8  gpm.  (See  Metesh,  J., 
Duaime,  T.  "Rebuttal  to  ARCO's  Ground  Water  Injury  Reports  by  Remy  J-C  Hennet  and  Steven  P.  Larson," 
State  of  Montana,  Natural  Resource  Damage  Program,  October  1995,  pages  10-12  and  Appendix  A.)  In 
addition,  the  well  inventory  report  in  the  BMFOU  RI/FS  indicates  that  wells  in  the  bedrock  at  Butte  Hill  have 
been  yielding  as  much  as  50  gpm. 

*  This  value  was  estimated  by  multiplying  the  areal  extent  of  bedrock  contamination,  times  four 
hundred  and  fifty  feet,  times  the  estimated  porosity:    4,600  acres  ■"  450  feet  *  .01  =  20,700  acre  feet. 
This  number,  which  assumes  the  top  50  feet  would  not  contain  water,  is  believed  to  be  conservative:   The 
upper  portions  of  the  bedrock  aquifer  should  have  a  higher  porosity  and  it  is  likely  that  domestic  wells 
could  be  drilled  deeper  than  500  feet. 

'  The  cost  of  this  water  is  based  upon  Dr.  John  Duffield's  Revised  Report  and  Rebuttal:  Assessment  of  Damages 
to  Groundwater  and  Literature  Review  of  Water  Use  Values  in  the  Upper  Clark  Fork  River  Basin,  October  1995, 
Sections  4.0  and  5.0.  A  value  of  $69.00  per  acre-foot,  as  cited  in  this  report,  is  used  because  presumedly  this  value 
included  the  cost  of  transporting  the  water  to  Butte.  It  is  likely  that  this  cost  figure  is  conservative  because  it  comes 
from  a  1987  lease  agreement. 
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In  recent  years  Butte  has  been  forced  by  the  condition  of  its  antiquated  water  system 
to  expend  tens  of  millions  of  dollars  on  upgrading  its  system.    (Further  upgrades  of  the 
system,  including  the  delivery  system,  will  also  be  necessary.)   As  a  result,  the  citizens  of 
Butte  now  are  subject  to  the  highest  water  rates  in  Montana  and  are  liable  for  the  repayment 
of  millions  of  dollars  of  bonded  indebtedness. 

It  was  recognized  at  the  time  plans  to  upgrade  the  municipal  system  were  being 
considered  that  an  alternative  to  upgrading  the  entire  system  would  be  greater  reliance  on 
groundwater  wells  for  domestic  supply.    However,  this  alternative  was  rejected,  in  part, 
because  of  the  infeasibility  of  relying  on  the  contaminated  aquifers  as  a  drinking  water 
source.   Thus,  in  effect,  the  upgraded  system,  plus  any  future  additions  thereto,  represents  a 
replacement  of  the  services  which  would  have  otherwise  been  available  from  the  aquifers 
underlying  Butte  if  they  were  not  contaminated.   Therefore,  payment  by  the  PRPs  of  a 
monetary  sum  to  upgrade  the  water  system  is  a  justifiable  replacement  alternative. 

The  Revised  Report  and  Rebuttal:  Assessment  of  Damages  to  Groundwater  and 
Literature  Review  of  Water  Use  Values  in  the  Upper  Clark  Fork  River  Basin  (October  1995), 
by  Dr.  John  Duffield,  using  a  discount  rate  of  7.0%  estimates  the  present  value  of  future 
losses  in  services  to  residential  users  in  Butte  resulting  from  the  groundwater  contamination 
in  Butte  to  be  $34.6  million.    (This  estimate  assumes  that  all  Butte  municipal  users  suffer 
losses  as  a  result  of  the  contamination  which  precluded  the  construction  of  a  municipal 
groundwater  system.)   Thus,  for  purposes  of  this  alternative,  $34.6  million  would  be  paid  to 
the  trustee  as  a  replacement  cost  for  the  water  resource  services  which  should  have  been 
available  from  the  Butte  Hill  aquifers.    This  amount  would  then  be  used  to  further  upgrade 
the  Butte  water  system  and/or  repay  the  outstanding  bonded  indebtedness  previously  paid  for 
the  upgrade. 

2.5.4   Alternative  No.  2C 

Under  the  no  action  alternative,  monitoring  of  shafts  and  monitoring  wells  would  be 
performed  to  evaluate  the  natural  recovery.    No  further  restoration  actions  would  occur 
beyond  the  remedy.    The  level  of  water  in  the  Berkeley  Pit  would  be  maintained  at  or  below 
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the  CWL  of  5410  feet.   This  response  action  will  not  restore  the  resource;  in  fact,  the 
condition  of  the  resource  will  get  worse.    The  existing  volume  of  injured  groundwater, 
approximately  194,000  acre-feet,  will  increase  to  327,000  acre-feet  within  30  years.    Natural 
recovery  of  resources  and  services  to  baseline  would  take  thousands  of  years. 

2.6       Evaluation  of  Alternatives 

2.6.1  Technical  Feasibility 

Alternatives  2A  and  2B  are  both  readily  feasible  from  a  technical  standpoint.    Both 
alternatives  call  for  the  replacement  of  the  contaminated  groundwater  underlying  the  Butte 
Hill  area.    More  specifically,  Alternative  2A  calls  for  constructing  new  or  expanding  local 
reservoirs  near  Butte.    Also,  under  this  alternative  a  supply  of  water,  about  10  mgd,  would 
be  provided  to  the  new  and/or  expanded  reservoirs.    These  reservoirs  and  water  could  then 
be  used  for  storage  and  as  a  source  of  domestic  and  irrigation  water.    Such  reservoirs  and 
water  could  also  be  used  as  a  source  of  in-stream  flow  for  fishery  enhancement  in  Silver 
Bow  Creek  and  the  Clark  Fork  River.   Thus,  this  alternative  can  also  be  viewed  as  a 
replacement  of  groundwater  which  would  be  flowing  into  Silver  Bow  Creek  if  the  hydrolic 
sink  created  by  the  Berkeley  Pit  did  not  exist.   Under  Alternative  2B,  the  money  obtained 
would  be  used  to  further  upgrade  the  existing  Butte  water  system  or  to  repay  the  outstanding 
bonded  indebtedness  previously  paid  for  the  system  upgrade. 

2.6.2  Cost-effectiveness 

The  distinctions  between  Alternatives  2A  and  2B  cannot  be  analyzed  on  a  cost- 
effectiveness  basis  because  the  alternatives  do  not  provide  a  similar  level  of  benefits. 

2.6.3  Results  of  Response  Actions 

The  principal  response  action  for  this  site,  i.e.,  pumping  and  treating  the  Pit  water 
once  the  Critical  Water  Level  (CWL)  is  reached,  is  predicted  to  begin  in  approximately  30 
years,  i.e,  by  the  year  2025.   While  this  pumping  and  treating  should  preclude  further 
expansion  of  contamination  within  the  aquifer  systems,  it  will  not  address  the  existing 
contamination.    Consequently,  the  groundwater  in  both  the  alluvial  and  bedrock  aquifers  in 
the  Butte  Hill  area  and  in  the  Pit  itself  will  continue  to  be  contaminated.   In  fact,  as  the  Pit 
continues  to  fill,  the  amount  of  contaminated  water  will  almost  double  between  now  and  the 
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year  2025.    It  is  not  likely  that  the  proposed  replacement  alternatives  for  this  site  will  have 
any  effect  on  the  response  actions  or  create  a  need  to  coordinate  with  such  actions. 

2.6.4  Potential  for  Additional  Injury 

Additional  injury  to  the  groundwater  resources  from  these  alternatives  is  not  expected. 
Both  Alternative  A  and  B  involve  construction  of  certain  facilities.   Thus,  the  potential 
impacts  from  these  alternatives  consist  of  the  usual  impacts  from  any  construction  activity.   It 
is  assumed  that  the  potential  environmental  impacts  will  be  considered  and  mitigated  as  part 
of  the  planning  phases  of  any  construction  projects  arising  from  these  alternatives. 

2.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

The  Record  of  Decision  (ROD)  for  this  site  found  that  the  attainment  of  primary 
and/or  secondary  drinking  water  standards  in  the  bedrock  aquifer  is  technically  impractical 
from  an  engineering  perspective.    In  addition,  due  to  the  extremely  elevated  concentrations  of 
hazardous  substances  in  the  groundwater  and  the  great  areal  extent  and  volume  of 
contamination,  natural  recovery  of  the  groundwater  resources  would  take  from  thousands  to 
tens  of  thousands  of  years.    While  the  resource  itself  will  not  recover,  both  Alternatives  2A 
and  2B  will  replace  some  of  the  services  lost  as  a  result  of  the  contamination.    Such  services 
will  include  replacement  water  which  can  be  used  for  drinking,  irrigation  and  instream  flow. 
Also,  under  Alternative  2A,  such  services  will  include  replaced  water  storage  capacity;  under 
Alternative  2B  such  service  could  include  improved  water  transport. 

2.6.6  Human  Health  and  Safety 

There  are  few  health  and  safety  concerns  associated  with  the  alternatives.  Alternatives 
2A  and  2B  would  involve  construction  and  thus  the  normal  human  safety  risks  would  be 
attendant.    However,  these  risks  can  be  minimized  by  the  compliance  with  all  applicable  laws 
and  regulations  governing  work  place  safety  and  by  designing  and  implementing  the 
alternatives  in  such  a  manner  as  to  ensure  that  the  public  is  protected. 

2.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  applicable  federal,  state  or  tribal  policies  which  would  be  adversely 
implicated  by  any  of  these  alternatives.    Alternative  2A,  in  fact,  would  promote  the  natural 
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resource  policies  of  the  State  of  Montana  by  enhancing  the  fishery  of  Silver  Bow  Creek  and 
ultimately  the  Clark  Fork  River. 

2.6.8  Federal.  State,  and  Tribal  Laws 

The  State  would  obtain  all  necessary  permits  and  authorizations  before  implementing 
any  projects  under  Alternatives  A  or  B. 

2.6.9  Other  Relevant  Factors 

In  considering  the  alternatives,  one  cannot  help  but  consider  the  extreme  nature  and 
extent  of  the  groundwater  contamination.   This  contamination  underlays  an  area  of  more  than 
seven  square  miles,  which  is  substantially  residential  and  commercial,  near  the  center  of  the 
city  of  Butte.   This  area,  in  fact,  has  a  population  of  over  10,000  people.    As  a  result  of  the 
contamination,  however,  the  people  living  in  this  area  are  forever  precluded  from  using  the 
groundwater  below  their  properties  as  a  source  of  water.    Moreover,  the  city  of  Butte  is 
forever  precluded  from  installing  a  municipal  groundwater  system  which  would  have  been 
dependent  upon  the  aquifers  which  suffer  from  the  contamination.   The  costs  of  both 
Alternative  2A  and  2B  are  small  compared  to  the  cost  it  would  take  to  restore  the 
groundwater  resource  if  that  were  feasible,  and  are  minimal  when  compared  to  the  total  value 
taken  out  of  the  ground  as  part  of  the  mining  which  caused  the  contamination. 

2.6.10  Cost-Benefit/Decisionmaking  Analysis 

The  cost  of  the  alternatives  are  as  follows:  Alternative  2A— $51.4  million;  Alternative 
2B--$34.6  million;  and  Alternative  2C--$1.5  million  (see  Appendix).  Based  on  the  foregoing 
discussion  and  the  following  analysis,  the  State  selects  Alternative  2A. 

While  both  alternatives  will  replace,  in  part,  the  lost  resources.  Alternative  A  will 
more  fully  do  the  job.   This  alternative  will  provide  an  additional  25,500  acre- feet  of 
reservoir  storage  to  the  Butte  area,  and  an  additional  water  supply  of  10  mgd  for  30  years.* 
Not  only  can  this  water  be  used  to  meet  drinking  water  and  irrigation  demands  (and 
particularly  demands  created  by  an  expanding  population)  it  can  also  supply  in-stream  flow  to 


'  Note,  year  2025  it  is  expected  that  a  similar  quantity  of  water  will  be  supplied  to  Silver  Bow  Creek  as  a  result 
of  the  treatment  of  Berkeley  Pit  water  as  part  of  the  E.P.A.  remediation.  Thus,  Alternative  A,  in  effect,  will 
implement  one  of  the  major  benefits  of  the  EPA  remediation  some  30  years  in  advance. 
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Silver  Bow  Creek.    In  doing  so,  the  Alternative  2 A  replacement  will  also  enhance  the  injured 
fishery  of  Silver  Bow  Creek  and  the  Clark  Fork  River,  and  replace  the  water  which  would 
flow  into  the  Creek,  if  the  contaminated  Berkeley  Pit  did  not  exist. 

The  cost  of  the  replacement  reservoir(s)  under  Alternative  2A  is  reasonable, 
particularly  when  one  considers  that  only  a  small  portion,  i.e.,  some  20%,  of  the  total 
storage  capacity  of  the  contaminated  aquifers  which  has  been  lost,  is  being  replaced.    Also, 
this  cost  does  not  account  for  the  water  transport  services  of  the  aquifer  which  have  been 
forever  lost.    The  benefits  to  be  gained  under  Alternative  4B  would  be  significantly  less,  and 
the  work  to  be  done,  or  the  bonded  indebtedness  to  be  repaid,  under  this  alternative  would 
likely  be  done  or  repaid  whether  or  not  the  alternative  is  implemented. 
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3.0       AREA  ONE  GROUNDWATER  AND  SURFACE  WATER  RESOURCES 

3.1   Description  of  Site  and  Injury 

The  deposition  of  wastes  in  the  city  of  Butte  from  mining  and  mineral-processing 
operations  has  resulted  in  injury  to  groundwater  resources  and  surface  water  resources  of 
Silver  Bow  Creek.   This  chapter  focuses  on  Area  One,  which  is  part  of  the  Silver  Bow 
Creek/Butte  Addition  NPL  site.    Area  One  extends  from  the  upper  end  of  the  Metro  Storm 
Drain  to  the  west  (downstream)  end  of  the  Colorado  Tailings.    The  portion  of  Area  One  that 
contains  the  Colorado  Tailings  and  the  Butte  Reduction  Works,  and  the  adjacent  reach  of 
Silver  Bow  Creek,  is  known  as  Lower  Area  One  (LAO).    Silver  Bow  Creek  is  formed  by  the 
confluence  of  Blacktail  Creek  and  the  Metro  Storm  Drain.    Blacktail  Creek  flows  year-round 
and  comprises  a  large  part  of  the  flow  of  Silver  Bow  Creek. 

The  injured  groundwater  aquifers  in  Butte  are  a  bedrock  aquifer  on  Butte  Hill,  an 
alluvial  aquifer  on  Butte  Hill,  and  an  alluvial  aquifer  along  the  Metro  Storm  Drain  and  Silver 
Bow  Creek.   The  Butte  Hill  bedrock  and  alluvial  aquifers  are  discussed  in  Chapter  2.   The 
alluvial  aquifer  along  the  Metro  Storm  Drain  and  Silver  Bow  Creek  is  discussed  in  this 
chapter. 

Injury  to  groundwater  has  been  demonstrated  by  the  occurrence  of  concentrations  of 
heavy  metals  (including  cadmium,  zinc,  iron,  lead,  and  copper),  arsenic,  and  sulfate  that 
exceed  drinking  water  standards.    The  areal  extent  of  contamination  of  the  alluvial  aquifer  is 
estimated  to  be  562  acres,  based  on  the  size  of  the  largest  contaminant  plume  (sulfate).   The 
total  volume  of  injured  groundwater  is  estimated  to  be  11,590  acre-feet,  and  the  annual  flux 
(or  discharge  to  Silver  Bow  Creek)  is  estimated  to  be  2,353  acre-feet  per  year. 

Silver  Bow  Creek  is  contaminated  by  the  discharge  of  contaminated  groundwater  and 
by  surface  runoff.   The  Metro  Storm  Drain  receives  surface  runoff  during  snowmelt  and 
storm  events  and  intercepts  contaminated  groundwater.    Although  the  Metro  Storm  Drain 
contributes  much  less  flow  to  Silver  Bow  Creek  than  does  Blacktail  Creek,  it  contributes  far 
more  contamination  to  Silver  Bow  Creek  than  does  Blacktail  Creek.    Groundwater  in  the 
Metro  Storm  Drain  area  flows  towards  LAO  and  discharges,  as  noted,  to  the  Metro  Storm 
Drain,  upper  Silver  Bow  Creek,  and  possibly  Blacktail  Creek.    Contaminated  surface  water 
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in  Silver  Bow  Creek  flows  downstream  from  Area  One  and  is  therefore  a  source  of 
hazardous  substances  to  injured  aquatic  resources  downstream. 

3.2  Sources  of  Hazardous  Substances 

Since  the  late  1800s,  disposal  practices  from  mining  and  milling  operations  in  Butte 
have  resulted  in  the  presence  of  tailings  and  other  mining-related  wastes  along  the  Metro 
Storm  Drain,  Silver  Bow  Creek,  and  throughout  the  city  of  Butte.   Much  of  the  waste  is 
associated  with  three  former  facilities  --  the  Parrot  Smelter,  the  Butte  Reduction  Works,  and 
the  Colorado  Smelter.   The  Parrot  Tailings  lie  along  and  northwest  of  the  Metro  Storm  Drain 
above  Harrison  Avenue.   The  Butte  Reduction  Works  Tailings  and  the  Colorado  Tailings  lie 
adjacent  to  Silver  Bow  Creek  in  LAO.   Tailings  probably  associated  with  the  Parrot  Smelter 
occur  along  the  Metro  Storm  Drain  between  Harrison  Avenue  and  Silver  Bow  Creek.   In 
addition  to  these  waste  sources,  dispersed  surficial  and  buried  tailings,  mine  and  mill  sites, 
dumps,  and  contaminated  fill  areas  are  located  throughout  Butte. 

Groundwater  contamination  at  Area  One  occurs  in  three  ways:    1)  by  the  leaching  of 
hazardous  substances  in  the  unsaturated  zone  to  downgradient  groundwater  via  infiltration  of 
precipitation  or  rising  capillary  groundwater;    2)  by  the  leaching  of  hazardous  substances  in 
the  saturated  zone  via  groundwater  contact  with  sources;  and  3)  by  the  transport  of  water 
containing  hazardous  substances  through  the  unsaturated  or  saturated  zone  to  downgradient 
groundwater. 

Surface  water  contamination  results  from  the  discharge  of  contaminated  groundwater 
and  from  contaminated  surface  runoff.   Alluvial  groundwater  discharges  to  Silver  Bow  Creek 
at  an  average  rate  of  approximately  3.25  cubic  feet  per  second  (cfs).   Surface  runoff  from 
storms  and  snowmelt  carries  hazardous  substances  from  dispersed  waste  sources  in  Butte  to 
Silver  Bow  Creek  through  surface  drainages  and  the  Butte  storm  water  collection  system. 
This  runoff,  which  also  transports  contaminated  sediment,  contributes  to  the  contamination  of 
surface  water  and  streambed  sediments  in  Silver  Bow  Creek. 

3.3   CERCLA  Rf^pnnse  Actions 

At  the  present  time,  an  Expedited  Response  Action  (ERA)  is  occurring  at  LAO. 
Approximately  1.4  million  cubic  yards  of  tailings  and  contaminated  soils  will  be  removed 
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from  the  Butte  Reduction  Works  Tailings  and  the  Colorado  Tailings.   This  volume  includes 
tailings  (230,000  cubic  yards)  and  contaminated  soils  (370,000  cubic  yards)  at  the  Colorado 
Tailings;  and  tailings  (240,000  cubic  yards),  railroad  fill  (130,000  cubic  yards),  and 
contaminated  soils  (430,000  cubic  yards)  at  the  Butte  Reduction  Works. 

Additional  response  actions  planned  or  anticipated  at  Area  One  will  address 
contaminated  surface  runoff  to  Silver  Bow  Creek  by  surface  drainages  and  the  stormwater 
system,  and  discharges  to  Silver  Bow  Creek  of  contaminated  groundwater.   A  Record  of 
Decision  (ROD)  selecting  the  remedy  is  anticipated  in  1997.   Based  on  a  review  of  the  RI/FS 
literature,  an  evaluation  of  actions  implemented  or  planned  at  other  sites  in  the  Basin, 
consideration  of  ARCO's  projection  of  remedy,  and  discussions  with  EPA  and  MDHES 
personnel,  it  is  estimated  that  the  following  actions  are  likely  to  be  implemented  at  Area 

One: 

1)  diverting  clean  groundwater  around  the  Colorado  Tailings  site  through  an 

interception  trench; 

2)  collecting  contaminated  groundwater  downgradient  of  the  Colorado  Tailings, 
the  Butte  Wastewater  Treatment  Plant  (WWTP)  and  slag  walls,  and  the  Parrot 
Tailings; 

3)  treating  500  gallons  per  minute  of  contaminated  groundwater  at  a  treatment 

facility  at  LAO; 

4)  removing  123,000  cubic  yards  of  tailings  along  the  Metro  Storm  Drain 
between  Kaw  Avenue  and  Silver  Bow  Creek  and  realigning  the  Metro  Storm 
Drain  within  this  reach; 

5)  removing  and  reconstructing  the  Silver  Bow  Creek  stream  channel  between  the 
upstream  end  of  the  Colorado  Tailings  and  the  Metro  Storm  Drain; 

6)  reconstructing  Silver  Bow  Creek  to  its  approximate  historic  alignment  through 
the  Colorado  Tailings  area; 

7)  removing  and/or  reclaiming  waste  dumps  and  mining/milling  sites  in  the 
uptown  Butte  area;  and 

8)  constructing  a  stormwater  runoff  detention  basin  to  intercept  and  treat  surface 
runoff  from  surface  drainages  and  the  stormwater  collection  system. 
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The  primary  objective  of  remedial  actions  is  to  reduce  releases  of  hazardous 
substances  to  Silver  Bow  Creek  by  intercepting  and  treating  contaminated  groundwater  and 
contaminated  surface  runoff. 

3.4  Residual  Iqjurv 

The  remedy  will  not  return  injured  resources  to  baseline,  nor  is  it  intended  to.    After 
implementation  of  the  remedy  approximately  800,000  cubic  yards  of  tailings  and 
contaminated  soils  at  the  Butte  Reduction  Works  will  remain  under  the  grounds  of  the  Butte 
WWTP  and  the  slag  walls  and  continue  to  contaminate  groundwater.   Approximately  77,000 
cubic  yards  of  tailings  along  the  Metro  Storm  Drain  between  Harrison  Ave  and  Silver  Bow 
Creek  and  190,000  cubic  yards  of  the  Parrot  Tailings  will  not  be  removed  and  will  continue 
to  contaminate  groundwater.    Despite  response  actions  at  the  Colorado  Tailings,  hazardous 
substances  will  remain  and  continue  to  contaminate  groundwater. 

Thus,  response  actions  will  not  restore  groundwater  to  baseline  conditions.    It  is 
likely  that  plumes  of  arsenic,  lead,  and  copper  will  continue  to  increase  in  size.    Hazardous 
substance  concentrations  will  remain  well  above  drinking  water  standards  and  baseline 
conditions. 

Tailings  removal  at  LAO  will  reduce  loadings  of  hazardous  substances  from 
groundwater  discharge  to  this  reach  of  Silver  Bow  Creek  by  approximately  65  percent. 
Copper  concentrations  in  Silver  Bow  Creek  will  be  between  55  and  70  ug/1  during  base  flow, 
which  will  exceed  both  ambient  water  quality  criteria  (by  a  factor  of  approximately  four)  and 
baseline  conditions.    Additional  response  actions,  in  the  form  of  collection  systems  at  various 
locations  that  will  intercept  and  treat  groundwater  and  surface  runoff,  will  further  reduce 
loadings  of  hazardous  substances  to  Silver  Bow  Creek.   However,  the  discharge  of 
contaminated  groundwater  to  Silver  Bow  Creek  will  not  be  eliminated  because  contaminated 
groundwater  will  continue  to  discharge  directly  through  the  bed  of  the  Creek.    Finally,  the 
ubiquitous  and  widespread  extent  of  surface  contamination  throughout  the  Butte  area  will 
ensure  that  surface  runoff  will  transport  some  amount  of  contaminated  sediment  to  Silver 
Bow  Creek. 
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3.5  Restoration  Alternatives 
3.5.1   Introduction 

Distinctions  between  types  of  wastes  are  useful  in  understanding  Area  One  restoration 
alternatives.   Wastes  can  be  broken  into  three  types:   primary  sources,  secondary  sources, 
and  diffuse  surface  and  subsurface  sources.    Primary  sources  are  directly  derived  from 
mining  and  mineral  processing  operations.   Primary  sources  include  tailings  deposits  such  as 
the  Parrot  Tailings.   Primary  sources  contain  copper  and  other  metal  sulfide  mineralization. 
Secondary  sources  are  derived  from  the  deposition  of  hazardous  substances  leached  from 
sulfide  minerals  in  primary  sources.   Secondary  sources  include  contaminated  soils  and 
aquifer  materials.   Diffuse  surface  and  subsurface  sources  are  largely  primary  sources. 
These  are  scattered  throughout  Butte  and  are  of  an  unknown  volume  and  location. 

Restoration  alternatives  do  not  attempt  to  address,  except  indirectly,  secondary 
sources  or  diffuse  sources.    There  are  substantial  difficulties  associated  with  removing 
secondary  sources,  which  can  extend  to  great  depths  and  over  large  areas  of  the  alluvial 
aquifer.   Removal  of  diffuse  sources  is  problematic  for  the  obvious  reason  that  their  locations 
are  not  known. 

Groundwater  restoration  can  be  achieved  by  removing  primary  sources  and  by  natural 
recovery.   However,  given  the  widespread  extent  of  diffuse  surface  and  subsurface  waste 
sources,  and  the  extent  of  secondary  contamination  of  soils  and  aquifer  materials,  resources 
and  services  will  not  be  restored  to  baseline  conditions  for  the  foreseeable  future  under  any 
alternative.   These  diffuse  and  secondary  sources  will  continue  releasing  hazardous 
substances  to  groundwater  for  thousands  of  years.    Consequently,  restoration  alternatives  are 
focussed  primarily  on  improving  the  condition  of  the  resource  and  the  services  it  provides 
relative  to  its  existing  condition,  and  secondarily  on  accelerating  the  time  frame  for 
restoration. 

Although  restoration  alternatives  favor  removal  actions,  consideration  was  given  to 
other  treatment  techniques  like  groundwater  flushing  or  in-situ  leaching.   But,  due  to 
concerns  and  uncertainties  over  the  efficacy  of  such  techniques,  and  given  the  geochemical 
characteristics  of  the  sources  and  the  geohydrological  characteristics  of  the  site,  such 
techniques  were  rejected  for  further  analysis. 
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As  discussed  in  Section  1.2.2,  restoration  planning  will  be  coordinated,  to  the 
maximum  possible  extent,  with  response  action  planning.   The  Natural  Resource  Damage 
Litigation  Program  (NRDLP)  will  endeavor  to  implement  restoration  actions  in  conjunction 
with  the  response  action.   Such  coordination  seeks  to  ensure  that  restoration  actions  do  not 
conflict  with  the  chosen  response  action. 

3.5.2  Alternative  3A 

This  alternative  would  remove  known  primary  waste  sources  to  reduce  releases  of 
hazardous  substances  to  groundwater  and  surface  water.   The  key  elements  of  this  alternative 
are; 

1)  excavating  tailings  beneath  the  grounds  of  the  Butte  WWTP  and  the  slag  walls; 

2)  removing  and  rebuilding  the  City-County  Shop  Complex; 

3)  excavating  the  Parrot  Tailings; 

4)  excavating  tailings  in  the  Metro  Storm  Drain  between  Harrison  Avenue  and 
Kaw  Avenue; 

5)  disposing  of  excavated  wastes  at  the  Anaconda  and/or  Opportunity  Ponds; 

6)  backfilling  excavated  areas  of  the  Butte  Reduction  Works  and  the  Metro  Storm 
Drain  with  clean  material; 

7)  installing  a  groundwater  interception  trench  parallel  to  the  Metro  Storm  Drain 
and  Silver  Bow  Creek  to  the  upstream  end  of  the  Colorado  Tailings; 

8)  treating  intercepted  groundwater  at  a  treatment  facility;  and 

9)  natural  recovery. 

All  tailings  and  associated  contaminated  soils  remaining  after  remedy  would  be 
removed.   Estimated  volumes  include  800,000  cubic  yards  of  Butte  Reduction  Works 
Tailings  and  contaminated  soils,  190,000  cubic  yards  of  the  Parrot  Tailings,  and  77,000 
cubic  yards  of  tailings  in  the  lower  Metro  Storm  Drain  between  Harrison  Avenue  and  Kaw 
Avenue.   About  840,000  cubic  yards  of  overburden  at  the  Parrot  Tailings  and  112,000  cubic 
yards  of  overburden  in  the  Metro  Storm  Drain  would  be  excavated,  stockpiled,  and 
backfilled. 

To  excavate  these  tailings,  it  will  be  necessary  to  remove  the  City-County  Shop 
Complex.   The  City-County  Shop  Complex  would  be  rebuilt  prior  to  removing  the  existing 
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facility.   Excavated  materials  would  be  disposed  of  at  the  Anaconda  and/or  Opportunity 
Ponds.   Tailings  beneath  the  grounds  of  the  Butte  WWTP  would  be  excavated  from  around 
site  structures.    Structures  would  remain  in  place.    All,  some,  or  sections  of  the  slag  walls 
would  be  removed  depending  on  the  results  of  site  investigations  and  confirmation  of 
contamination  beneath  the  slag  walls.   Excavated  areas  would  be  backfilled  with  the 
stockpiled  overburden  and  clean  material  to  maintain  the  existing  surface  elevation  and  grade. 

A  groundwater  interception  trench  would  be  constructed  parallel  to  the  Metro  Storm 
Drain  and  Silver  Bow  Creek.   This  trench  would  intercept  contaminated  groundwater  that 
would  otherwise  discharge  to  Silver  Bow  Creek  by  way  of  the  Metro  Storm  Drain  or  by  way 
of  the  streambed. 

Intercepted  groundwater  would  be  treated  at  the  treatment  facility  at  the  lower  end  of 
the  Colorado  Tailings.   The  500  gallons  per  minute  (approximately  one  cfs)  treatment  facility 
constructed  under  remedy  would  be  expanded  by  2.25  cfs.   Treated  water  would  be  pumped 
back  and  discharged  to  the  headwaters  of  Silver  Bow  Creek  to  maintain  instream  flows. 

Under  this  alternative,  impacts  to  surface  water  would  be  significantly  reduced. 
Groundwater  interception  trenches,  and  treatment  of  contaminated  groundwater  at  the 
treatment  facility,  would  virtually  eliminate  the  discharge  of  contaminated  water  to  Silver 
Bow  Creek.   However,  groundwater  contamination  will  exist  for  a  significant  length  of  time. 
As  noted,  diffuse  primary  surface  and  subsurface  waste  sources  are  present  throughout  the 
Butte  area;  secondary  contamination  of  soils  and  aquifer  materials  is  extensive.   Natural 
recovery  would  be  relied  upon  to  decrease  loadings  from  remaining  primary  and  secondary 
sources  and  restore  resources  and  services  to  baseline  conditions.   Under  this  alternative, 
resources  and  services  would  not  be  restored  to  baseline  for  a  few  thousand  years. 

Nonetheless,  this  alternative  would  significantly  improve  the  condition  of  injured 
groundwater  by  reducing  concentrations  of  hazardous  substances.   This  substantial  recovery 
would  be  manifested  shortly  after  the  excavation  of  waste  sources.   In  addition,  portions  of 
the  contaminated  aquifer  would  return  to  drinking  water  standards  within  approximately  200 
years  as  natural  weathering  processes  gradually  decrease  remaining  primary  and  secondary 
sources  of  contamination. 
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3.5.3  Alternative  3B 

This  alternative  focuses  on  the  removal  of  the  Parrot  and  Metro  Storm  Drain  tailings, 
and  intercepting  and  treating  contaminated  groundwater  discharges  to  Silver  Bow  Creek. 
The  key  elements  of  this  alternative  are: 

1)  excavating  the  Parrot  Tailings; 

2)  excavating  tailings  in  the  Metro  Storm  Drain  between  Harrison  Avenue  and 
Kaw  Avenue; 

3)  disposing  of  excavated  wastes  at  the  Anaconda  and/or  Opportunity  Ponds; 

4)  backfilling  excavated  areas  of  the  Metro  Storm  Drain  with  clean  material; 

5)  installing  a  groundwater  interception  trench  parallel  to  the  Metro  Storm  Drain 
and  Silver  Bow  Creek  to  the  upstream  end  of  the  Colorado  Tailings; 

6)  treating  intercepted  groundwater  at  a  treatment  facility;  and 

7)  natural  recovery. 

This  alternative  differs  from  Alternative  3A  in  one  respect.   The  Butte  Reduction 
Works  tailings  would  be  left  in  place.    This  volume  is  approximately  800,000  cubic  yards  of 
tailings,  contaminated  soils  and  other  wastes.   No  further  action  beyond  the  response  action 
would  address  these  wastes.   As  in  Alternative  3A,  the  267,000  cubic  yards  of  the  Parrot  and 
Metro  Storm  Drain  tailings  would  be  excavated. 

This  alternative  reduces  impacts  to  surface  water  to  roughly  the  same  degree  as 
Alternative  3A  by  intercepting  and  treating  virtually  all  of  the  contaminated  groundwater  that 
discharges  to  Silver  Bow  Creek.   Therefore,  under  this  alternative,  surface  water 
contamination  would  be  reduced  to  the  same  extent  and  in  the  same  time  frame  as  under 
Alternative  3A.   However,  as  discussed  in  the  next  paragraph,  the  treatment  plant  will  be 
needed  for  a  significantly  longer  period  of  time  under  this  alternative  than  it  will  be  needed 
under  Alternative  3 A. 

Like  Alternative  3A,  removal  of  the  Parrot  and  Metro  Storm  Drain  tailings  would 
result  in  substantial  recovery  in  groundwater  water  quality  in  portions  of  the  alluvial  aquifer 
affected  by  these  waste  sources.   This  recovery  would  be  manifested  shortly  after  removal  of 
these  waste  sources.   Within  approximately  200  years,  portions  of  the  contaminated  aquifer 
affected  by  these  waste  sources  could  return  to  drinking  water  standards  as  weathering 
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processes  gradually  decrease  remaining  associated  secondary  contamination.   In  other 
portions  of  the  alluvial  aquifer  affected  by  the  large  volume  of  primary  wastes  (800,000 
cubic  yards)  and  associated  secondary  contamination  that  would  be  left  in  place  at  the  Butte 
Reduction  Works,  groundwater  contamination  will  remain.   This  will  require  the  treatment 
facility  to  operate  for  a  much  longer  period  of  time  than  the  treatment  facility  will  need  to 
operate  under  Alternative  3 A. 

Restoration  would  take  substantially  longer  under  this  alternative  than  under 
Alternative  3A,  given  the  larger  volume  of  primary  source  material  not  removed  under  this 
alternative  as  compared  to  Alternative  3A.   With  more  primary  source  material  remaining 
under  this  alternative,  primarily  the  800,000  cubic  yards  of  tailings  at  the  Butte  Reduction 
Works,  more  time  would  be  required  for  oxidation  and  leaching  mechanisms  to  remove  the 
greater  quantity  of  hazardous  substances  associated  with  sulfide  minerals.   Restoration  to 
baseline  would  not  occur  for  thousands  of  years. 

3.5.4   Alternative  3C 

In  this  alternative,  no  further  action  is  taken  at  the  site  beyond  the  CERCLA  response 
action.  Silver  Bow  Creek  would  be  a  significant  source  of  hazardous  substances  to  resources 
downstream  because  contaminated  groundwater  would  continue  to  discharge  to  the  Creek. 

Natural  weathering  processes  would  be  relied  upon  to  restore  groundwater  to  baseline 
conditions.   As  described  in  Section  3.4,  groundwater  contamination  would  likely  become 
worse  for  some  period  of  time  as  contaminant  plumes  increase  in  size.    Over  thousands  of 
years,  contaminant  concentrations  in  groundwater  would  decrease  as  leaching  mechanisms 
deplete  the  supply  of  hazardous  substances  in  primary  sources,  namely  the  Butte  Reduction 
Works  Tailings,  the  Metro  Storm  Drain  Tailings,  and  the  Parrot  Tailings.   At  this  time, 
contaminant  concentrations  in  groundwater  would  be  reduced  to  roughly  the  same  level  as 
achieved  under  Alternative  3 A  shortly  after  removal.    However  under  this  alternative,  as 
under  Alternative  3A,  secondary  contamination  would  remain  even  after  primary  sources  are 
addressed.   Restoration  would  require  another  few  thousand  years  to  transport  secondary 
source  contamination  out  of  the  aquifer.   Thus,  restoration  of  resources  and  service  flows  to 
baseline  would  not  occur  for  tens  of  thousands  of  years. 
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3.6  Evaluation  of  Alternatives 

3.6.1  Technical  Feasibility 

Alternatives  3A,  3B,  and  3C  are  equivalent  in  terms  of  technical  feasibility. 
Alternative  3C,  which  calls  for  monitoring  and  natural  recovery,  is  technically  feasible. 
With  respect  to  the  other  two  alternatives,  both  alternatives  equally  employ  well-known  and 
accepted  technologies  and  both  have  a  reasonable  chance  of  successful  completion  in  an 
acceptable  period  of  time.   All  of  the  elements  of  both  action  alternatives  are  presently  being 
employed  or  will  be  employed  in  the  Upper  Clark  Fork  Basin.   Removal  of  tailings  and 
contaminated  soils  addresses  contamination  to  groundwater  and  surface  water.    An  expedited 
response  action  involving  the  removal  of  tailings  and  contaminated  soils  is  ongoing  at  LAO, 
the  precise  location  of  removal  actions  proposed  under  Alternatives  4A  and  4B.   Disposal  of 
contaminated  materials  at  Anaconda  and/or  Opportunity  Ponds  is  occurring  in  conjunction 
with  the  ongoing  response  action.   The  construction  of  an  interception  trench  to  capture 
contaminated  groundwater  and  prevent  its  discharge  to  surface  water  is  also  an  accepted 
technology.   Finally,  construction  of  a  treatment  plant  to  remove  metals  from  groundwater  is 
unremarkable.   A  treatment  plant  is  estimated  to  occur  under  remedy  to  address  groundwater 
impacts  at  LAO,  and  a  treatment  plant  is  planned  under  the  Berkeley  Pit  mine  flooding  ROD. 

3.6.2  Cost  effectiveness 

A  distinction  between  Alternatives  3A,  3B,  and  3C  cannot  be  made  solely  on  cost- 
effectiveness  grounds  because  the  alternatives  do  not  provide  a  similar  level  of  benefits.   For 
example,  under  Alternative  3A  a  significantly  larger  portion  of  the  alluvial  aquifer  would 
benefit  from  the  removal  of  contaminant  sources  than  will  benefit  under  Alternatives  3B  and 
3C.   With  the  removal  of  the  Parrot  Tailings,  Butte  Reduction  Works  Tailings,  and  Metro 
Storm  Drain  Tailings,  Alternative  3A  significantly  improves  the  condition  of  the  alluvial 
aquifer  in  those  areas  shortly  after  excavation  is  completed.   Removal  of  these  sources  would 
lead  to  the  recovery  of  drinking  water  standards  for  those  portions  of  the  alluvial  aquifer 
within  approximately  200  years.    Alternative  3B  is  comparable  to  Alternative  3A  insofar  as 
recovery  of  those  parts  of  the  alluvial  aquifer  impacted  by  the  Parrot  Tailings  and  the  Metro 
Storm  Drain  Tailings.    But,  under  Alternative  3B  significant  reductions  in  groundwater 
contaminant  concentrations  would  not  occur  in  the  alluvial  aquifer  at  LAO  and  drinking 
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water  standards  for  this  area  would  not  return  for  centuries  or  longer.   And,  while 
Alternative  3C  is  comparable  to  Alternative  3B  with  respect  to  the  alluvial  aquifer  at  LAO, 
Alternative  3C  does  nothing  to  improve  the  condition  of  the  alluvial  aquifer  affected  by  the 
Parrot  and  Metro  Storm  Drain  Tailings. 

Another  difference  between  the  alternatives  concerns  the  treatment  plant.   As 
discussed  above,  the  interception  trench  and  treatment  plant  are  necessary  to  eliminate  the 
discharge  of  contaminated  groundwater  to  Silver  Bow  Creek  in  order  to  enable  that  surface 
water  resource  to  recover.    Alternative  3C  does  not  provide  for  such  a  plant.   Thus,  there  is 
a  significant  difference  in  benefits  derived  from  this  alternative  vis  a  vis  Alternatives  3A  and 
3B.   In  addition,  although  a  treatment  plant  is  an  element  under  both  Alternatives  3A  and 
3B,  the  length  of  time  such  a  plant  will  need  to  operate  will  be  significantly  less  under 
Alternative  3A  than  Alternative  3B  because  removing  800,000  cubic  yards  of  Butte 
Reduction  Tailings  and  contaminated  soils  under  Alternative  3A  will  enhance  recovery  times 
for  groundwater.    This  is  significant  because  treatment  plants  are  expensive  to  operate,  need 
to  be  maintained,  and  must  be  reconstructed  every  fifty  years  or  so.   Consequently, 
Alternatives  3A  and  3B  produce  a  different  level  of  benefits  when  the  alternatives  are 
compared  in  light  of  the  need  for  the  treatment  plant. 

3.6.3  Results  of  Response  Actions 

As  discussed,  the  response  actions  that  have  occurred,  are  on-going,  or  are  estimated 
to  occur  at  this  site  will  not  restore  injured  resources  and  will  leave  significant  residual 
injury.  The  restoration  alternatives  were  designed  to  address  the  residual  injury  and  to 
improve  the  condition  of  injured  resources.    Thus,  for  example,  it  is  critical  to  eliminate  the 
discharge  of  contaminated  groundwater  to  Silver  Bow  Creek  to  enable  the  Creek  to  recover. 

Neither  Alternatives  3A  or  3B  conflicts  with  actual  or  planned  response  actions. 
However,  both  alternatives  must  be  coordinated  with  anticipated  response  actions.   This  plan 
assumes  such  coordination  will  occur  and  costs  are  assigned  to  various  actions  under  these 
alternatives  accordingly. 

3.6.4  Potential  for  Additional  Injury 

The  implementation  of  either  Alternative  3A  or  3B  will  result  in  only  minor 
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environmental  harm.   Furthermore  these  impacts  will  be  transitory.   The  potential  impacts 
from  the  alternatives  consist  of  the  usual  impacts  from  any  construction  activity.   There  will 
be  particulate  matter  released  from  the  areas  being  excavated  and  construction  sites,  runoff 
from  these  areas  to  surface  water,  and  additional  air  pollution  from  the  operation  of  heavy 
equipment.  Impacts  will  be  mitigated  to  the  fullest  possible  extent  through  the  use  of 
standard  construction  practices  such  as  wetting  down  a  site  and  installing  silt  fences.   These 
impacts  are  expected  to  be  minor.   Due  to  the  greater  amount  of  excavation  under 
Alternative  3A  than  Alternative  3B,  whatever  impacts  occur  will  likely  be  greater  under 
Alternative  3 A  than  under  Alternative  3B. 

There  will  be  minor  impacts  associated  with  the  disposal  of  sludges  from  the 
treatment  plant.   Impacts  will  be  greater  under  Alternative  3B  than  Alternative  3A  due  to  the 
longer  period  of  time  needed  for  the  treatment  plant  under  Alternative  3B.    Minimal  impacts 
will  also  occur  as  a  result  of  the  need  for  borrow  material  for  backfilling. 

Both  short-term  and  long-term  environmental  impacts  are  expected  to  be  significantly 
more  severe  and  significantly  greater  under  Alternative  3C  than  under  either  Alternatives  3A 
or  3B.   This  result  will  obtain  because  under  Alternative  3C  impacts  to  Silver  Bow  Creek 
and  to  the  alluvial  aquifer  will  continue  unabated. 

3.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

Under  natural  recovery,  or  Alternative  3C,  groundwater  will  not  be  restored  to 
baseline  for  tens  of  thousands  of  years  and  the  discharge  of  highly  contaminated  groundwater 
to  Silver  Bow  Creek  will  continue  indefinitely.   Alternatives  3A  and  3B  reduce  the  time  to 
baseline  by  removing  source  materials.   Baseline  will  be  reached  sooner  under  Alternative 
3A  than  Alternative  3B,  because  Alternative  3A  removes  more  contamination  than 
Alternative  3B. 

Significant  differences  between  these  alternatives  in  terms  of  recovery  periods  also 
arise  in  the  consideration  of  substantial  recovery  for  groundwater  and  impacts  to  Silver  Bow 
Creek.   With  respect  to  the  later.  Alternative  3C  would  prevent  Silver  Bow  Creek  from 
recovering  for  centuries  if  not  thousands  of  years  due  to  the  fact  that  contaminated 
groundwater  will  continue  to  discharge  to  the  Creek.    Under  Alternatives  3A  and  3B, 
interception  and  treatment  of  contaminated  groundwater  will  virtually  eliminate  impacts  to 
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Silver  Bow  Creek  immediately  after  construction  of  the  interception  trench.   With  respect  to 
the  former-substantial  recovery  to  drinking  water  standards--under  Alternative  3B  recovery  to 
drinking  water  standards  for  that  portion  of  the  alluvial  aquifer  affected  by  Butte  Reduction 
Works  sources  would  not  occur  for  hundreds,  if  not  thousands,  of  years,  whereas  under 
Alternative  3A  the  alluvial  aquifer  would  attain  drinking  water  standards  in  approximately 
200  years. 

3.6.6  Human  Health  and  Safety 

There  is  virtually  no  difference  between  the  alternatives  with  regard  to  this  factor. 
Since  Alternative  3C  entails  no  excavation  or  construction,  this  alternative  would  avoid  any 
risks  inherent  in  the  undertaking  of  such  activities.   These  risks,  to  the  extent  they  exist 
under  Alternatives  3A  and  3B,  will  be  minimized  by  compliance  with  all  applicable  laws  and 
regulations  governing  workplace  safety  and  by  designing  and  implementing  the  alternatives  in 
such  a  manner  as  to  ensure  that  the  public  is  protected. 

3.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  federal,  state,  or  tribal  policies  directly  implicated  by  these  alternatives. 

3.6.8  Federal.  State,  and  Tribal  Laws 

Alternatives  3A  and  3B  are  consistent  with  applicable  law.   The  Montana  Floodplain 
Management  Regulations  prohibit  the  storage  of  hazardous  materials  within  the  100-year 
floodplain.   Accordingly,  both  Alternatives  3 A  and  3B  are  in  accordance  with  these 
regulations  in  that  both  seek  the  removal  of  floodplain  materials  at  Butte  Reduction  Works. 
Before  implementing  the  alternatives,  the  State  would  obtain  all  necessary  permits  and 
authorizations. 

3.6.9  Other  Relevant  Factors 

The  slag  walls  in  LAO  are  an  historical  artifact  of  the  city  of  Butte.    Alternative  3A 
allows  for  the  possibility  of  removal  of  some,  all,  or  portions  of  the  slag  walls  to  access 
tailings.    Alternatives  3B  and  3C  do  not  create  the  potential  for  slag  wall  removal. 

In  the  course  of  planning  its  expedited  response  action  for  LAO,  the  U.S.  EPA 
encountered  a  degree  of  community  opposition  to  the  disposal  of  tailings  at  the  Opportunity 
Ponds.   All  of  the  action  alternatives  call  for  disposal  of  tailings  and  contaminated  soils  at 
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Opportunity  and/or  Anaconda  Ponds.   Decisions  regarding  disposal  will  be  made  during  the 
preparation  and  implementation  of  a  Restoration  Plan. 

3.6.10  Cost-Benefit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  3A— $74.9  million;  Alternative  3B--$52.1  million;  and 
Alternative  3C--$1.3  million.    Based  on  the  following  analysis,  and  informed  by  the  previous 
discussion,  the  State  selects  Alternative  3A. 

The  alternatives'  costs  must  be  looked  at  side-by-side  with  the  previous  discussion. 
In  the  final  analysis,  the  inability  of  Alternative  3C  to  produce  improvements  in  the  condition 
of  groundwater  resources  and  to  eliminate  the  discharge  of  contaminated  groundwater  to 
Silver  Bow  Creek,  in  contrast  to  Alternatives  3A  and  3B,  which  did  achieve  these  objectives, 
made  the  selection  of  Alternative  3C  unacceptable. 

Alternative  3A  resulted  in  a  greater  volume  and  areal  extent  of  groundwater  attaining 
substantial  recovery  than  will  occur  under  Alternative  3B.    This  was  deemed  important  in 
choosing  between  these  two  alternatives.   Equally  important  was  the  fact  that  under 
Alternative  3B  the  treatment  plant  would  have  to  operate  for  a  much  longer  period  of  time. 

The  consequence  of  removing  the  slag  walls  was  also  considered.    Due  to  the  severity 
of  the  injury  and  the  benefits  to  be  obtained  from  removing  tailings  and  contaminated  soils  at 
the  former  site  of  the  Butte  Reduction  Works,  maintaining  the  integrity  of  the  slag  walls  was 
determined  to  be  of  secondary  importance.    Furthermore,  to  reject  Alternative  3A  on  this 
basis  would  have  given  the  issue  undue  importance  given  that  the  slag  walls  may  not  need  to 
be  disturbed  depending  on  the  results  of  site  investigations. 
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4.0   SILVER  BOW  CREEK  AQUATIC  AND  RIPARIAN  RESOURCES 

4.1   Description  of  Site  and  Injury 

Aquatic  and  riparian  resources  of  Silver  Bow  Creek  have  been  injured  by  the 
hazardous  substances  arsenic,  cadmium,  copper,  lead,  and  zinc  released  from  mining  and 
mineral-processing  operations  in  the  Butte  area.    Silver  Bow  Creek  is  a  unit  within  the  Silver 
Bow  Creek/Butte  Addition  NPL  site.    As  defined  here.  Silver  Bow  Creek  extends  from  the 
lower  end  of  the  Colorado  Tailings  to  Warm  Springs  Ponds-a  distance  of  22  miles. 

Since  the  late  1800s,  tailings  and  other  mining  wastes  containing  hazardous  substances 
have  been  discharged  to  Silver  Bow  Creek.    Hazardous  substances  are  pervasive  throughout 
the  Silver  Bow  Creek  ecosystem.    The  waters  of  Silver  Bow  Creek,  the  limited  aquatic  life 
able  to  survive  in  the  Creek,  and  the  entire  floodplain  and  streambed  of  the  Creek  are 
contaminated.   Natural  processes,  such  as  erosion,  transport,  and  redeposition  of 
contaminated  materials,  ensure  that  releases  of  hazardous  substances  are  continuous. 

Injuries  to  Silver  Bow  Creek  include  the  following: 

1)  Surface  water  contains  concentrations  of  hazardous  substances  that  exceed 
criteria  established  for  the  protection  of  aquatic  life  and  thresholds  that  have 
been  demonstrated  to  cause  injury  to  fish; 

2)  Streambed  sediments  contain  significantly  higher  concentrations  of  hazardous 
substances  than  exist  under  baseline  conditions  and  constitute  a  pathway  to 
benthic  macroinvertebrates  and  fish.   For  example,  copper  concentrations  are 
nearly   520  times  median  baseline  concentrations;  cadmium,  lead,  and  zinc  are 
more  than  100  times  median  baseline  concentrations;  and  arsenic  is  roughly 
70  times  the  median  baseline  concentration; 

3)  The  number  of  benthic  macroinvertebrate  taxa  is  significantly  reduced  relative 
to  baseline  conditions.    For  example,  less  than  one  mayfly  or  stonefly  taxa,  on 
average,  is  found  in  Silver  Bow  Creek  compared  to  nine  such  taxa  found  under 
baseline  conditions; 

4)  Fish  have  been  eliminated  from  Silver  Bow  Creek.   In  comparison,  under 
baseline  conditions.  Silver  Bow  Creek  would  support,  on  average,  over  250 
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trout  per  hectare; 

5)  748  acres  of  Silver  Bow  Creek's  floodplain  contain  phytotoxic  concentrations 
of  hazardous  substances.    Consequently,  these  areas  are  virtually  devoid  of 
vegetation  and  are  incapable  of  supporting  wildlife; 

6)  1266  acres  of  Silver  Bow  Creek's  floodplain  (including  the  748  acres  that  are 
virtually  devoid  of  vegetation)  contain  tailings  and  contaminated  soils  that  are  a 
source  of  hazardous  substances  to  Silver  Bow  Creek  aquatic  resources, 
including  surface  water,  streambed  sediments,  and  benthic  macroinvertebrates; 
and 

7)  Populations  of  otter,  mink,  and  raccoons  that  rely  on  fish  or  benthic 
macroinvertebrates  in  their  diets  have  been  virtually  eliminated  from  the  Silver 
Bow  Creek  ecosystem. 

For  the  purposes  of  this  report  it  is  useful  to  divide  Silver  Bow  Creek  into  four 
reaches:  154  acres  along  5.2  miles  from  the  Colorado  Tailings  to  the  town  of  Nissler  (Reach 
1);   320  acres  along  5.6  miles  from  Nissler  to  the  upper  end  of  Durant  Canyon  (Reach  2); 
92  acres  along  5  miles  within  Durant  Canyon  (Reach  3);   and  700  acres  along  6.8  miles  from 
the  lower  end  of  Durant  Canyon  to  the  Warm  Springs  Ponds  (Reach  4). 

The  extent  of  floodplain  contamination  in  each  of  these  reaches  reflects  the 
geomorphology  of  the  Creek.    Upstream  of  the  canyon  and  downstream  of  the  canyon,  where 
the  floodplain  is  relatively  broad,  contamination  extends  across  474  acres  and  700  acres, 
respectively.    In  the  canyon,  where  the  floodplain  is  confined,  contamination  extends  across 
92  acres. 

4.2  Sources  of  Hazardous  Substances 

Various  waste  sources  contribute  to  injuries  in  the  Silver  Bow  Creek  ecosystem. 
Sources  include  those  in  the  Butte  area  and  Area  One  discussed  in  Chapter  3.    Releases  of 
hazardous  substances  from  the  Montana  Pole  and  Treating  Plant  and  the  Rocker  Timber  and 
Framing  Plant  are  discussed  in  Chapters  5  and  6,  respectively. 

Waste  sources  addressed  in  this  chapter  are  of  three  types: 

1)  tailings  and  contaminated  soils  on  the  floodplain  of  Silver  Bow  Creek; 

2)  streambed  and  streambank  sediments  within  the  channel  of  Silver  Bow  Creek; 
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and 

3)         railbeds  constructed  with  mine  and  mill  wastes  contaminated  with  hazardous 
substances. 

Release  mechanisms  differ  for  aquatic  resources  and  riparian  resources.    Mass 
wasting,  bank  erosion  and  slumping,  and  surface  runoff  over  tailings  and  railbed  materials 
release  hazardous  substances  to  surface  water  and  bed  sediments.    In  addition,  at  high  water 
stage  Silver  Bow  Creek  carries  increased  quantities  of  contaminated  suspended  sediments 
from  reaches  upstream  to  those  downstream.    As  high  waters  recede  contaminated  material  is 
redeposited  in  bed,  bank,  and  floodplain  areas.    For  riparian  resources,  release  mechanisms 
include  chemical  and  biological  oxidation/reduction  and  desorption  processes  in  contaminated 
floodplain  tailings  and  soils.    These  processes  increase  the  bioavailability  of  hazardous 
substances  to  riparian  vegetation. 

An  estimated  2,503,400  cubic  yards  of  tailings  and  contaminated  soils  ranging  in 
thickness  from  a  few  inches  to  as  much  as  6  feet  overlie  approximately  1266  acres  the 
original  floodplain  surface.    Of  this  volume,  approximately  2,263,400  cubic  yards  are  in  the 
100-year  floodplain,  and  240,000  cubic  yards  in  Subarea  II  are  outside  the  100-year 
floodplain.    Infiltration  of  precipitation  through  tailings  has  leached  hazardous  substances  to 
underlying  floodplain  soils  and  groundwater.    Approximately  748  acres  have  been 
contaminated  so  severely  that  vegetation  is  virtually  non-existent.   These  areas  have  no 
ability  to  support  wildlife. 

The  bed  of  Silver  Bow  Creek  is  comprised  of  contaminated  sediment  and  underlying 
contaminated  alluvial  material.    Streambed  contamination  is  variable,  depending  on  channel 
form  (i.e.,  riffle,  pool,  or  run)  and  stream  reach  location.   The  thickness  of  contaminated 
material  is  estimated  to  range  from  several  inches  to  2.5  feet.   The  volume  of  contaminated 
material  within  the  Silver  Bow  Creek  streambed  is  estimated  to  be  236,000  cubic  yards.    The 
volume  of  contaminated  railbed  materials  is  estimated  to  be  71,000  cubic  yards. 

4.3   CERCLA  Response  Actions 

A  Record  of  Decision  (ROD)  is  presently  being  drafted  by  the  Montana  Department 
of  Environmental  Quality  (MDEQ)  Superfund  program  for  Silver  Bow  Creek.    The  ROD 
will  identify  which  of  seven  remedial  alternatives  described  and  evaluated  in  the  recently 
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released  Proposed  Plan  the  State  intends  to  implement  on  Silver  Bow  Creek.    It  is  anticipated 
that  a  significant  component  of  the  selected  remedy  will  be  an  in-situ  metals  immobilization 
process  known  as  STARS  (Streambank  Tailings  and  Revegetation  Study).    STARS  entails  the 
addition  of  lime  and  other  compounds  to  tailings  and  contaminated  soils  and  revegetating  the 
amended  area  with  acid  and/or  metal  tolerant  plant  species,  primarily  grasses.    Lime 
neutralizes  acid  pH  conditions  in  tailings  and  contaminated  soils,  which  immobilizes 
hazardous  substances  and  permits  the  reestablishment  of  vegetation.   By  these  mechanisms 
STARS  seeks  to  prevent  hazardous  substances  from  reaching  surface  water  by  runoff  or 
groundwater  by  leaching. 

Based  on  a  review  of  the  recently  released  Proposed  Plan  for  Silver  Bow  Creek,  and 
on  other  RI/FS  literature,  an  evaluation  of  actions  implemented  or  planned  at  other  sites  in 
the  Basin,  consideration  of  ARCO's  position,  and  discussions  with  EPA  and  MDEQ 
personnel,  it  is  estimated  that  the  following  actions  are  likely  to  be  implemented  at  Silver 
Bow  Creek: 

1)  excavation  of  1,499,640  cubic  yards  of  tailings/impacted  soils  extending  over 
approximately  706  acres  within  the  100-year  floodplain; 

2)  partial  backfilling  of  excavated  floodplain  areas  for  facilitating  streambank 
reconstruction; 

3)  treatment  of  1,003,760  cubic  yards  of  unexcavated  floodplain  tailings  and 
contaminated  soils  extending  over  approximately  560  acres  with  STARS; 

4)  removal  of  73,000  cubic  yards  of  contaminated  fine-grained  streambed 
sediments; 

5)  excavation  of  71,000  cubic  yards  of  contaminated  railbed  materials; 

6)  relocation  of  excavated  materials  to  local  repositories  at  the  edge  of  or  just 
outside  of  the  100-year  floodplain,  with  treatment  by  STARS; 

7)  reconstruction  of  streambanks  and  revegetation  with  native  species;    and 

8)  engineering  and  institutional  controls  to  protect  STARS-treated  floodplain 
areas. 

Removal  of  tailings/impacted  soils  from  the  floodplain  will  be  governed  by  three 
criteria.   Tailings/impacted  soils  that  will  be  removed  are  those:    1)  that  are  saturated  in 
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groundwater  during  any  part  of  the  year;    2)  where  contaminants  are  not  effectively 
immobilized  by  the  STARS  treatment;    and  3)  that  may  be  eroded  and  reentrained  into  the 
stream  system  through  stream  channel  migration  or  as  a  result  of  overbank  flows.    Based  on 
these  criteria,  all  tailings/impacted  soils  in  Subarea  I  (285,000  cubic  yards  over  154  acres) 
and  Subarea  III  (160,400  cubic  yards  over  92  acres)  would  be  completely  removed.    In 
Subarea  II,  568,000  cubic  yards  over  approximately  160  acres  would  be  removed.    In 
Subarea  IV,  536,240  cubic  yards  over  approximately  300  acres  would  be  removed. 
Tailings/impacted  soils  remaining  in  Subarea  II  (240,000  cubic  yards  over  about  160  acres 
outside  the  present-day  100-year  floodplain)  would  be  STARS-amended  in  place. 
Tailings/impacted  soils  remaining  in  Subarea  IV  (763,760  cubic  yards  over  about  400  acres 
within  the  100-year  floodplain)  would  be  STARS-amended  in  place. 

Excavated  materials  would  be  relocated  to  numerous  repositories  (approximately  25  to 
30)  at  the  edge  of  or  just  outside  of  the  100-year  floodplain,  and  treated  by  STARS. 
Excavated  areas  would  be  partially  backfilled,  mulched  and  seeded  with  grasses. 
Streambanks  would  be  partially  reconstructed,  and  revegetated  with  native  species  of  shrubs 
and  trees  where  appropriate.    Other  excavated  areas  of  the  floodplain  would  be  revegetated, 
primarily  with  grasses.    STARS-treated  areas  would  be  reseeded  with  a  few  species  of  acid- 
and  metals-tolerant  grasses.    In  total,  1,549,640  cubic  yards  of  tailings/impacted  soils  over 
706  acres  would  be  relocated.    About  1,003,760  cubic  yards  of  tailings/impacted  soils  over 
560  acres  would  be  treated  in  place  by  STARS. 

About  73,000  cubic  yards  of  contaminated  fine-grained  bed  sediments  would  be 
removed  from  the  surface  of  the  streambed;    163,000  cubic  yards  of  contaminated  coarser 
bed  material,  and  finer-grained  material  within  the  streambed  would  be  left  in  place. 

Finally,  extensive  reliance  on  STARS  will  require  certain  land  use  restrictions  to 
protect  STARS-treated  areas  of  the  floodplain.   For  example,  grazing,  agriculture, 
destructive  recreational  activities  such  as  all-terrain  vehicle  riding,  and  residential  use  would 
be  incompatible  with  STARS  treatment. 

4.4  Residual  Injury 

The  remedy  will  not  return  the  aquatic  and  riparian  resources  of  Silver  Bow  Creek  to 
baseline,  nor  is  it  intended  to.    After  implementation  of  the  remedy  hazardous  substances  will 
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remain  within  the  streambed  and  floodplain  of  Silver  Bow  Creek,  causing  injuries  to  aquatic 
and  riparian  resources. 

The  limited  amount  of  revegetation  that  will  occur  on  areas  from  which  tailings  are 
excavated  will  result  in  continuing  injury  to  wildlife  habitat.    Many  native  species  of  shrubs 
and  trees  will  not  be  planted.   These  species  will  have  to  invade  naturally  over  time.   In 
addition,  STARS-amended  areas  of  the  floodplain  will  be  revegetated  with  acid  and/or 
metals-tolerant  grasses  only,  which  will  also  result  in  poor  vegetative  diversity.    In  all,  the 
response  action  will  result  in  a  continuing  reduction  in  wildlife  habitat  and  the  number  of 
viable  wildlife  species  over  the   Silver  Bow  Creek  floodplain. 

Residual  injury  to  aquatic  resources  will  also  occur  from  contamination  remaining  in 
the  streambed.    Despite  the  removal  of  73,000  cubic  yards  of  contaminated  fine-grained 
sediments,  the  remaining  bed  sediments  will  be  contaminated.   The  remedy  will  not  remove 
fine-grained  sediments  within  the  substrate  of  the  Creek,  nor  will  it  remove  coarser  bed 
material  that  contain  hazardous  substances.    Contamination  associated  with  larger  bed 
materials  and  fine  materials  deeper  within  the  streambed  will,  over  time,  be  released  to 
surface  water  by  geochemical  processes  and  by  the  reworking  of  bed  material  during  high 
flows. 

Additionally,  hazardous  substances  residing  in  STARS-treated  areas  will  be  eroded 
and  remobilized  by  storm-event  and  snowmelt  runoff  and  by  overbank  high-flows.   Exposed 
soils  will  exist  within  the  STARS  treated  area  since  vegetation  cannot  completely  cover  the 
land  surface.    Erosion  will  occur  from  these  exposed  areas  of  the  floodplain  and,  to  a  lesser 
extent,  from  areas  that  are  revegetated.    Contamination  of  bed  sediments  and  surface  water 
will  continue  to  occur  as  a  result  of  these  processes.    Finally,  stream  channel  migration  will, 
over  time,  intercept  STARS-treated  floodplain  materials  and  remobilize  contaminated 
floodplain  soils,  thereby  contaminating  bed  sediments  and  surface  water. 

In  Subarea  IV,  STARS-treated  materials  left  within  the  100-year  floodplain  will 
periodically  be  inundated  and  saturated  by  overbank  high  flows.    Hazardous  substances  will 
enter  flood  waters  by  scouring  and  dissolution  of  treated  tailings.   Treated  tailings  outside  the 
100-year  floodplain  in  Subarea  II  and  inside  the  100-year  floodplain  in  Subarea  IV  will  reach 
Silver  Bow  Creek  due  to  stream  channel  migration.    While  the  timeframe  over  which  this 
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happens  cannot  be  predicted  with  certainty,  it  is  certain  that  it  will  happen  over  time. 

In  the  end,  contaminated  bed  sediments  will  continue  to  expose  benthic  macro- 
invertebrates  and  animals  (fish,  otter,  mink,  and  raccoons)  that  consume  benthic 
macroinvertebrates.    Contaminated  surface  water  will  continue  to  expose  and  injure  trout 
populations.    Trout  populations  will  recover  little,  if  at  all,  due  to  the  remaining  floodplain 
and  streambed  contamination.    Finally,  less  than  intensive  streambank  reconstruction,  and 
streambank  and  floodplain  revegetation,  will  not  restore  habitat  on  which  trout  depend  (i.e., 
cover  and  shading). 

A  significant  issue  relevant  to  resource  restoration  is  the  effectiveness  of  STARS  in 
maintaining  a  permanent  vegetative  cover.   It  is  likely  that,  over  some  period  of  time, 
numerous  limitations  associated  with  the  STARS  technology  will  result  in  the  dieoff  of  large 
areas  of  vegetation.    In  such  an  event,  large  areas  of  STARS-amended  floodplain  would 
revert  to  the  present  devegetated  condition.   As  vegetation  dies,  tailings  will  become  more 
susceptible  to  erosion  by  surface  runoff  and  overbank  high  flows  where  vegetation  dies.    This 
would  accelerate  and  exacerbate  the  contamination  of  streambed  sediments  and  surface  water, 
which  will  occur  over  time  in  any  event,  but  at  a  slower  rate.   The  predicted  effectiveness  of 
the  STARS  technology  as  it  is  proposed  to  be  applied  along  Silver  Bow  Creek  in  the 
response  action  is  addressed  in  more  detail  in  Montana's  report  "Evaluation  and  Critique  of 
the  Streambank  Tailings  and  Revegetation  Studies  (STARS)  Remediation  Technology " 
(October,  1995). 

4.5   Restoration  Alternatives 
4.5.1   Introduction 

As  previously  discussed,  it  is  likely  that  STARS  will  be  a  significant  part  of  the 
remedy  at  Silver  Bow  Creek.    A  remedy  that  implements  STARS  extensively  will  not  meet 
the  goal  of  restoring  resources  and  services  for  either  aquatic  or  riparian  resources  without  a 
prolonged  period  of  natural  recovery  to  remove  hazardous  substances  from  the  ecosystem. 
As  discussed  in  Section  1.2.2,  restoration  planning  will  be  coordinated  with  response  action 
planning.    Such  coordination  seeks  to  ensure  that  response  actions  and  restoration  actions  are 
met  without  significant  conflict.   Thus,  coordination  of  the  CERCLA  response  actions  for 
Silver  Bow  Creek  and  this  restoration  plan  could  result  in  a  combined  response/restoration 
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action  in  which  STARS  is  not  implemented  at  all.    With  this  in  mind,  a  full  range  of 
restoration  actions  will  be  displayed  in  this  chapter. 

4.5.2  Alternative  4A 

This  alternative  would  restore  aquatic  and  riparian  resources  by  removing 
contaminated  tailings/impacted  soils,  and  excavating  and  reconstructing  the  Silver  Bow  Creek 
stream  channel.   The  key  elements  of  this  alternative  include: 

1)  excavating  560  acres  of  tailings  and  contaminated  soils  along  Silver  Bow 
Creek; 

2)  excavating  22.6  miles  of  the  Silver  Bow  Creek  streamchannel; 

3)  disposal  of  excavated  materials  at  the  Anaconda  and/or  Opportunity  Ponds; 

4)  partial  backfilling  400  acres  of  excavated  floodplain  with  clean  fill; 

5)  covering  all  excavated  areas  with  six  inches  of  growth  media; 

6)  revegetating  excavated  areas  with  native  grasses,  shrubs,  and  trees; 

7)  partial  backfilling  and  reconstructing  the  streamchannel  of  Silver  Bow  Creek; 

8)  management  of  grazing  to  allow  vegetation  to  reestablish;    and 

9)  natural  recovery. 

Under  this  alternative  tailings/impacted  soils,  that  would  otherwise  be  treated  by 
STARS  under  the  remedy,  would  be  excavated  and  disposed  of  at  the  Anaconda  and/or 
Opportunity  Ponds.   This  would  involve  approximately  1,003,760  cubic  yards  of 
tailings/impacted  soils  covering  560  acres.   The  excavated  floodplain  in  Subarea  IV  would  be 
partially  backfilled  (approximately  30%)  with  clean  fill  and  to  create  a  floodplain  contour 
that  would  support  a  mix  of  shrub/forest  and  agricultural  (hay/pasture)  habitats.    No 
backfilling  would  occur  in  Subarea  II  because  the  existing  land  surface  is  elevated 
substantially  above  the  level  of  Silver  Bow  Creek.    An  area  equal  to  the  extent  of  riparian 
wildlife  habitat  injury  (748  acres  along  the  entire  length  of  Silver  Bow  Creek)  would  be 
covered  with  six  inches  of  growth  media  and  replanted  with  native  species  of  grasses,  shrubs 
and  trees  to  reflect  a  baseline  habitat  mix  of  shrub/forest  and  agricultural  (hay/pasture) 
habitat  types.    Revegetation  efforts  across  the  remaining  518  acres  of  contaminated  floodplain 
would  proceed  under  the  remedy.    Grazing  would  be  managed  for  a  short  period  of  time  to 
facilitate  revegetation. 
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The  Silver  Bow  Creek  streamchannel  would  also  be  excavated  to  remove 
contaminated  streambed  sediments  and  underlying  contaminated  alluvial  material. 
Approximately  163,000  cubic  yards  of  material  not  excavated  under  remedy  would  be 
excavated  and  disposed  of  at  the  Anaconda  and/or  Opportunity  Ponds.   The  streamchannel 
would  be  reconstructed  to  its  approximate  existing  alignment.    Streambanks  reconstructed 
under  remedy  would  receive  enhanced  reconstruction  efforts  under  this  alternative  to  create  a 
variety  of  types  representative  of  baseline  conditions.   They  would  be  configured  to  provide 
riparian  habitat  for  wildlife  and  cover  for  fish.   The  excavated  streambed  would  be  partially 
backfilled  and  reconfigured  with  channel  bedforms  (pools,  bars,  and  riffles).    During 
streamchannel  excavation  and  reconstruction,  the  flow  of  Silver  Bow  Creek  would  be 
diverted  into  a  temporary  bypass  channel  or  culvert,  or  into  a  new  stream  channel 
constructed  under  remedy. 

The  1,499,640  cubic  yards  of  tailings/impacted  soils,  that  would  otherwise  be 
relocated  under  remedy  to  local  repositories,  would  be  hauled  to  the  Anaconda  and/or 
Opportunity  Ponds  for  disposal.    The  73,000  cubic  yards  of  contaminated  fine-grained 
streambed  sediments  and  71,000  cubic  yards  of  contaminated  railbed  materials,  which  would 
be  excavated  under  remedy  and  otherwise  disposed  of  at  local  repositories,  would  under  this 
alternative  also  be  hauled  to  the  Opportunity  Ponds  for  disposal. 

Given  that  STARS  would  not  be  implemented  under  this  alternative,  no  long-term 
impacts  associated  with  STARS  would  exist.    In  addition,  no  long-term  impacts  related  to  the 
integrity  of  local  repositories  need  to  be  considered  because  materials  excavated  under  both 
remedy  and  restoration  would  be  disposed  of  at  the  Anaconda  and/or  Opportunity  Ponds. 

Notwithstanding  the  extensive  removal  actions  contemplated  by  this  alternative, 
residual  contamination  will  persist  due  to  the  extent  and  severity  of  contamination  in  the 
Silver  Bow  Creek  ecosystem.    Natural  recovery  will  address  this  residual  contamination. 
This  alternative  would  restore  aquatic  and  riparian  resources  and  service  flows  to  baseline  in 
approximately  200  years. 

Prior  to  that,  however,  substantial  recovery  will  have  occurred.    Under  this 
alternative,  removal  of  an  important  source  of  contamination  to  aquatic  resources 
(contaminated  streambed  sediments)  will  allow  for  recovery  of  benthic  macroinvertebrate 
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communities,  improvement  in  water  quality,  and  an  overall  improvement  in  the  habitat 
capable  of  supporting  trout  populations.   Trout  recovery,  which  may  occur  to  a  very  limited 
degree  (if  at  all)  following  response  actions,  will  improve  to  a  considerably  greater  extent 
following  restoration  actions.    Maturation  of  reestablished  streamside  and  other  floodplain 
vegetation,  and  recovery  of  viable  benthic  macroinvertebrate  communities  and  salmonid 
fisheries,  will  occur  in  about  30  years. 

4.5.3   Alternative  4B 

The  focus  of  this  alternative  is  to  address  injuries  to  aquatic  resources  and  restore 
riparian  wildlife  habitat.   The  key  elements  of  this  alternative  include: 

1)  excavating  400  acres  of  tailings/impacted  soils  within  the  100-year  floodplain 
of  Silver  Bow  Creek; 

2)  excavating  22.6  miles  of  the  Silver  Bow  Creek  streamchannel; 

3)  disposal  of  excavated  materials  at  the  Anaconda  and/or  Opportunity  Ponds; 

4)  partial  backfilling  of  excavated  areas  with  clean  fill; 

5)  covering  748  acres  of  disturbance  with  six  inches  of  growth  media; 

6)  ' revegetating  excavated  areas  with  native  grasses,  shrubs,  and  trees; 

7)  partial  backfilling  and  reconstructing  the  streamchannel  of  Silver  Bow  Creek; 

8)  management  of  grazing  to  allow  vegetation  to  reestablish;    and 

9)  natural  recovery. 

Unlike  Alternative  4A,  this  alternative  would  not  remove  all  tailings/impacted  soils. 
Rather,  763,760  cubic  yards  of  tailings/impacted  soils  within  the  100-year  floodplain  in 
Subarea  IV  that  would  otherwise  be  STARS-treated  under  the  remedy  would  be  excavated. 
The  excavated  floodplain  would  be  partially  backfilled  (approximately  30%)  with  clean  fill 
and  contoured  to  support  a  mix  of  shrub/forest  and  agricultural  (hay /pasture)  habitats. 
Growth  media  would  be  applied  to  748  acres  of  excavated  floodplain  along  the  entire  length 
of  Silver  Bow  Creek  to  suppori  wildlife  habitat  restoration.   This  area,  equal  to  the  extent  of 
riparian  wildlife  habitat  injury,  would  be  replanted  with  native  species  of  grasses,  shrubs  and 
trees  to  reflect  a  baseline  habitat  mix  of  shrub/forest  and  agricultural  (hay/pasture)  habitat 
types.   Revegetation  actions  across  the  remaining  518  acres  of  floodplain  would  proceed 
under  the  remedy.    Grazing  would  be  managed  for  a  short  period  of  time  to  facilitate 
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revegetation. 

Excavation  and  reconstruction  of  the  Silver  Bow  Creek  streamchannel  would  proceed 
as  described  in  Alternative  4A.    As  under  Alternative  4A,  the  1,499,640  cubic  yards  of 
tailings/impacted  soils,  as  well  as  streambed  and  railbed  materials  that  would  otherwise  be 
relocated  under  remedy  to  local  repositories,  would  be  hauled  to  the  Anaconda  and/or 
Opportunity  Ponds  for  disposal. 

Under  this  alternative  restoration  of  resources  and  services  to  baseline  would  not 
occur  for  centuries.   The  added  length  of  time  to  return  to  baseline  for  Alternative  4B  as 
opposed  to  Alternative  4A  is  attributable  to  the  fact  that  more  contamination  is  being  left  in- 
place  under  this  alternative  than  Alternative  4A.     Terrestrial  resources  in  the  riparian  zone 
would  recover  largely  to  the  same  degree  as  under  Alternative  4A.    It  is  more  difficult  to 
assess  the  time  frame  in  which  aquatic  resources  will  recover  under  this  alternative.    With 
the  removal  of  22.6  miles  of  stream  channel  contamination,  a  fishery  and  benthic  macro- 
invertebrate  community  could  substantially  recover  in  approximately  the  same  amount  of  time 
as  under  Alternative  4A.   Clearly,  the  removal  of  tailings/impacted  soils  in  Subarea  IV 
would  lessen  the  risk  of  surface  water  and  streambed  recontamination  in  Subarea  IV.    Given 
that  the  240,000  cubic  yards  of  tailings/impacted  soils  left  in  place  in  Subarea  II  will  remain 
a  source  of  hazardous  substances  to  Silver  Bow  Creek,  aquatic  resources  in  those  reaches 
adjacent  to  and  downstream  of  Subarea  II  will  remain  exposed  to  and,  over  the  long-term, 
injured  by  hazardous  substances  as  normal  stream  channel  migration  processes  transport 
STARS-treated  materials  in  Subarea  II  back  to  Silver  Bow  Creek.    Recovery  of  trout 
populations  and  aquatic  life  will  be  compromised  by  this  contamination. 

Moreover,  as  the  vegetative  cover  established  on  STARS-treated  materials  in  Subarea 
II  fails  due  to  the  inherent  limitations  of  STARS,  hazardous  substances  will  become  more 
susceptible  to  remobilization  and  migration  to  Silver  Bow  Creek  and  its  floodplain  from 
surface  runoff  or  stream  channel  migration.    Recontamination  of  excavated  floodplain  areas 
could  threaten  recovered  riparian  resources. 

4.5.4   Alternative  4C 

The  focus  of  this  alternative  is  to  address  injuries  to  aquatic  resources  and  restore 
riparian  wildlife  habitat.   The  key  elements  of  this  alternative  include: 
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1)  excavating  160  acres  of  tailings/impacted  soils  in  Subarea  II  outside  the  100- 
year  floodplain; 

2)  excavating  22.6  miles  of  the  Silver  Bow  Creek  streamchannel; 

3)  disposal  of  excavated  materials  at  the  Anaconda  and/or  Opportunity  Ponds; 

4)  covering  748  acres  of  excavated  area  with  six  inches  of  growth  media; 

5)  revegetating  excavated  areas  with  native  grasses,  shrubs,  and  trees; 

6)  partial  backfilling  and  reconstructing  22.6  miles  of  the  Silver  Bow  Creek 
streamchannel; 

7)  management  of  grazing  along  22.6  miles  of  Silver  Bow  Creek  to  allow 
vegetation  to  reestablish;  and 

8)  natural  recovery. 

Like  Alternative  4B,  this  alternative  would  remove  some  of  the  tailings/impacted  soils 
that  would  otherwise  be  STARS-treated  under  the  remedy.    Unlike  Alternative  4B,  this 
alternative  would  excavate  tailings  left  in  Subarea  II  rather  than  tailings  left  in  Subarea  IV. 
The  240,000  cubic  yards  of  tailings/impacted  soils  covering  160  acres  in  Subarea  II  would  be 
excavated  and  disposed  of  at  the  Anaconda  and/or  Opportunity  Ponds.   The  763,760  cubic 
yards  of  tailings/impacted  soils  within  the  100-year  floodplain  in  Subarea  IV  to  be  STARS- 
treated  under  remedy  would  be  left  in  place. 

No  backfilling  would  occur  in  Subarea  II  because  the  existing  land  surface  is  elevated 
substantially  above  the  level  of  Silver  Bow  Creek.   The  excavated  area  would  be  contoured 
to  support  a  mix  of  shrub/forest  and  agricultural  (hay/pasture)  habitats.    Growth  media  would 
be  applied  to  748  acres  of  excavated  floodplain  along  the  entire  length  of  Silver  Bow  Creek 
to  support  wildlife  habitat  restoration.   This  area  would  be  replanted  with  native  species  of 
grasses,  shrubs  and  trees  to  reflect  a  baseline  habitat  mix  of  shrub/forest  and  agricultural 
(hay/pasture)  habitat  types.   Revegetation  efforts  across  the  remaining  518  acres  of  floodplain 
would  proceed  under  the  remedy.    Grazing  would  be  managed  for  a  short  period  of  time  to 
facilitate  revegetation. 

Excavation  and  reconstruction  of  the  Silver  Bow  Creek  streamchannel  would  proceed 
as  described  in  Alternative  A.    As  under  Alternative  4A,  the  1,499,640  cubic  yards  of 
tailings/impacted  soils,  as  well  as  streambed  and  railbed  materials  that  would  otherwise  be 
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relocated  under  remedy  to  local  repositories,  would  be  hauled  to  the  Anaconda  and/or 
Opportunity  Ponds  for  disposal. 

Under  this  alternative  restoration  of  resources  and  services  to  baseline  would  not 
occur  for  centuries.    The  added  length  of  time  to  return  to  baseline  for  Alternative  4C  as 
opposed  to  Alternative  4A  is  attributable  to  the  fact  that  more  contamination  is  being  left  in- 
place  under  this  alternative  than  Alternative  4A.    Terrestrial  resources  in  the  riparian  zone 
would  recover  largely  to  the  same  degree  as  under  Alternatives  4A  and  4B.    It  is  more 
difficult  to  assess  the  time  frame  in  which  aquatic  resources  would  recover  under  this 
alternative.    With  the  removal  of  22.6  miles  of  stream  channel  contamination,  a  fishery  and 
benthic  macroinvertebrate  community  could  substantially  recover  in  approximately  the  same 
amount  of  time  as  under  Alternatives  4A  and  4B.    The  removal  of  tailings/impacted  soils  in 
Subarea  II  would  eliminate  the  risk  of  surface  water  and  streambed  contamination  in  reaches 
adjacent  to  and  downstream  of  Subarea  II.   After  implementation  of  this  alternative, 
however,  approximately  763,760  cubic  yards  of  tailings/impacted  soils  in  Subarea  IV  would 
remain  a  source  of  hazardous  substances  to  Silver  Bow  Creek  adjacent  to  and  downstream  of 
Subarea  IV.    It  is  possible  that  any  tailings  left  in  the  floodplain  could  also  be  a  source  of 
contamination  to  the  Clark  Fork  River  below  Warm  Springs  Ponds.    Aquatic  resources  in 
these  areas  will  remain  exposed  to  and,  over  the  long-term,  injured  by  hazardous  substances 
as  normal  stream  channel  migration  processes  cause  transport  STARS-treated  materials  in 
Subarea  IV  back  to  Silver  Bow  Creek.    Recovery  of  trout  populations  and  aquatic  life  in  this 
reach  will  be  compromised  by  this  recontamination. 

Moreover,  as  the  vegetative  cover  established  on  STARS-treated  materials  in  Subarea 
II  fails  due  to  the  inherent  limitations  of  STARS,  hazardous  substances  will  become  more 
susceptible  to  remobilization  and  migration  to  Silver  Bow  Creek  and  its  floodplain  from 
surface  runoff  or  stream  channel  migration.    Recontamination  of  excavated  floodplain  areas 
could  threaten  recovered  riparian  resources. 

4.5.5   Alternative  4D 

This  alternative  would  address  injured  aquatic  resources  by  removing  contaminated 
streambed  sediments  and  reconstructing  the  Silver  Bow  Creek  stream  channel.    Riparian 
habitat  would  be  enhanced  by  revegetation  efforts  that  extend  beyond  those  anticipated  under 
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remedy.   The  key  elements  of  this  alternative  include: 

1)  excavating  22.6  miles  of  the  Silver  Bow  Creek  streambed; 

2)  disposal  of  excavated  materials  at  local  repositories; 

3)  backfilling  and  reconstructing  the  Silver  Bow  Creek  streamchannel; 

4)  covering  706  acres  of  excavated  area  with  six  inches  of  growth  media; 

5)  revegetating  706  acres  of  the  floodplain  excavated  under  remedy  with  a  variety 
of  native  grass  and  shrub  species;  and 

6)  natural  recovery. 

Unlike  Alternatives  4A,  4B  and  4C,  this  alternative  would  excavate  none  of  the 
tailings/impacted  soils  to  be  treated  by  STARS  under  the  remedy.    Under  this  alternative 
22.6  miles  of  Silver  Bow  Creek  not  excavated  under  remedy  would  be  excavated  to  remove 
contaminated  streambed  sediments,  underlying  contaminated  alluvial  material,  and 
contaminated  streambanks.    Streamchannel  excavation,  and  streambed  and  streambank 
reconstruction  would  proceed  as  under  the  three  previous  alternatives. 

Areas  of  the  floodplain  excavated  under  remedy  would  be  revegetated  with  a  variety 
of  native  grass  and  shrub  species  that  would  not  likely  be  used  under  remedy  (which  will 
probably  a  limited  variety  of  grass  and  willow  species).    This  revegetation  effort  would  apply 
only  to  areas  of  floodplain  excavated  under  remedy  (706  acres);    such  efforts  would  not  be 
would  not  be  attempted  on  STARS-treated  areas.    Like  previous  alternatives,  growth  media 
would  be  utilized  to  support  revegetation  efforts. 

Unlike  Alternatives  4A,  4B,  and  4C,  floodplain,  streambed  and  railbed  materials 
relocated  to  local  repositories  under  the  remedy  would  not  be  moved  to  the  Anaconda  and/or 
Opportunity  Ponds.    In  addition,  streambed  sediments  excavated  under  this  alternative  would 
also  be  disposed  of  at  local  repositories. 

Before  Silver  Bow  Creek  returns  to  baseline,  substantial  recovery  will  have  occurred. 
Under  this  alternative,  706  acres  of  floodplain  excavated  under  remedy  would  be  planted 
with  a  variety  of  native  grass  and  shrub  species  that  would  not  be  used  under  remedy.    While 
The  amount  of  revegetated  area,  though  less  than  the  area  of  riparian  wildlife  habitat  injury, 
will  provide  a  basis  for  substantial  recovery  of  wildlife  habitat  injury.   Removal  of  an 
important  source  of  contamination  to  aquatic  resources  (contaminated  streambed  sediments) 
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will  allow  for  recovery  of  benthic  macroinvertebrate  communities,  improvement  in  water 
quality,  and  an  overall  improvement  in  the  habitat  capable  of  supporting  trout  populations. 
Trout  recovery,  which  may  occur  to  a  very  limited  degree  (if  at  all)  following  response 
actions,  will  improve  to  a  greater  extent  following  restoration  actions. 

Notwithstanding  the  stream  channel  removal  contemplated  by  this  alternative, 
implementation  of  the  anticipated  remedy  would  ensure  that  contamination  persists  due  to  the 
extent  and  severity  of  contamination  along  Silver  Bow  Creek.    Over  1,000,000  cubic  yards 
of  STARS-treated  tailings/impacted  soils  would  remain  in  place.    While  it  is  possible 
contamination  in  Subareas  II  and  IV  may  be  contained  in  the  short-term  by  STARS  and 
engineering/institutional  controls,  this  contamination  will  inevitably  migrate  to  Silver  Bow 
Creek  through  normal  channel  migration  processes  or  overbank  high  flow  events.    Recovery 
of  trout  populations  and  aquatic  life  in  most  of  Silver  Bow  Creek  will  be  compromised  by 
this  recontamination. 

Moreover,  as  the  vegetative  cover  established  on  STARS-treated  materials  in  Subarea 
II  fails  due  to  the  inherent  limitations  of  STARS,  hazardous  substances  will  become  more 
susceptible  to  remobilization  and  migration  to  Silver  Bow  Creek  and  its  floodplain  from 
surface  runoff  or  stream  channel  migration.   Recontamination  of  excavated  floodplain  areas 
could  threaten  recovered  riparian  resources.    Thousands  of  years  required  for  natural 
processes  to  remove  contamination  from  the  ecosystem. 

4.5.6   Alternative  4E 

The  alternative  addresses  injuries  to  riparian  resources.   The  key  elements  of  this 
alternative  include: 

1)  revegetating  706  acres  of  the  floodplain  excavated  under  remedy  with  a  variety 
of  native  grass  and  shrub  species;  and 

2)  natural  recovery. 

Under  this  alternative,  706  acres  of  floodplain  excavated  under  remedy  would  be 
planted  with  a  variety  of  native  grass  and  shrub  species  that  would  not  be  used  under 
remedy. 

Under  this  alternative  restoration  of  resources  and  services  to  baseline  would  not 
occur  for  thousands  of  years,  for  the  reasons  discussed  in  Alternative  4D;   the  amount  of 
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contamination  remaining  in  and  along  Silver  Bow  Creek  following  remedy  can  only  be 
addressed  by  natural  processes.    Under  this  alternative,  unlike  alternative  4D,  streambed 
contamination  would  remain  following  remedy,  preventing  little  if  any  recovery  in  trout 
populations  and  aquatic  life.    Natural  recovery  of  contaminated  bed  sediments  would  take 
thousands  of  years. 

Revegetation  efforts  across  706  acres  of  floodplain,  albeit  without  the  use  of  growth 
media,  will  provide  a  higher  quality  of  riparian  wildlife  habitat  than  achieved  under  remedy. 
However,  the  quantity,  quality  and  diversity  of  these  efforts  will  be  below  a  baseline 
condition,  and  will  be  markedly  less  than  the  amount  and  quality  of  wildlife  habitat 
reestablished  under  Alternatives  4A,  4B,  4C  and  4D. 

Moreover,  as  the  vegetative  cover  established  on  STARS-treated  materials  in  Subareas 
II  and  IV  fails  due  to  the  inherent  limitations  of  STARS,  hazardous  substances  will  become 
more  susceptible  to  remobilization  and  migration  to  Silver  Bow  Creek  and  its  floodplain  from 
surface  runoff  or  stream  channel  migration.    Recontamination  of  excavated  floodplain  areas 
could  threaten  recovered  riparian  resources.    The  timeframe  over  which  recontamination 
occurs  cannot  be  predicted  with  certainty. 

4.5.7  Alternative  4F 

Under  this  alternative  no  further  action  is  taken  at  the  site  beyond  the  CERCLA 
response  action.   Under  this  alternative  restoration  of  resources  and  services  to  baseline 
would  not  occur  for  thousands  of  years,  for  the  reasons  discussed  in  Alternative  4D:   the 
amount  of  contamination  remaining  in  and  along  Silver  Bow  Creek  following  remedy  can 
only  be  addressed  by  natural  processes.    Under  this  alternative,  unlike  alternative  4D, 
streambed  contamination  would  remain  following  remedy,  preventing  little  if  any  recovery  in 
trout  populations  and  aquatic  life.    Natural  recovery  of  contaminated  bed  sediments  would 
take  thousands  of  years.    Some  riparian  vegetation  would  mature  fairly  quickly  and  provide 
some  bank  cover,  stream  shading,  and  wildlife  habitat  within  a  decade  or  two.   However, 
these  riparian  areas  would  be  substantially  below  baseline,  would  lack  diversity  and  habitat 
layers,  and  would  provide  only  limited  wildlife  habitat.   Moreover,  as  the  vegetative  cover 
established  on  STARS-treated  materials  in  Subareas  II  and  IV  fails  due  to  the  inherent 
limitations  of  STARS,  hazardous  substances  will  become  more  susceptible  to  remobilization 
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and  migration  to  Silver  Bow  Creek  and  its  floodplain  from  surface  runoff  or  stream  channel 
migration.    Recontamination  of  excavated  floodplain  areas  could  threaten  recovered  riparian 
resources.    The  timeframe  over  which  recontamination  would  occur  cannot  be  predicted  with 
certainty. 

4.6   Evaluation  of  Alternatives 
4.6.1    Technical  Feasibility 

Alternatives  4A,  4B,  4C,  4D,  4E  and  4F  are  equivalent  in  terms  of  technical 
feasibility  insofar  as  this  determination  relates  only  to  technologies  proposed  to  be 
implemented  under  the  alternatives.    As  will  be  discussed  below,  the  alternatives  may  not  be 
equivalent  in  terms  of  technical  feasibility  insofar  as  this  determination  relates  to  aspects  of 
remedy  that  are  embedded  in  the  alternatives. 

With  respect  to  the  alternatives  themselves;  the  alternatives  equally  employ  well- 
known  and  accepted  technologies  and  have  a  reasonable  chance  of  successful  completion  in 
an  acceptable  period  of  time.    Removal  of  tailings  and  contaminated  soils  from  a  floodplain 
is  a  straightforward  proposition  as  evidenced  by  the  fact  that  some  removal  of  tailings  and 
contaminated  soils  is  anticipated  to  occur  under  remedy.    Elimination  of  floodplain  sources  of 
contamination  will  produce  immediate  benefits  to  Silver  Bow  Creek.    Excavation  of 
streamchannel  sediments  and  streambank  and  streambed  reconstruction  is  similarly 
unremarkable. 

With  respect  to  what  would  actually  occur  at  Silver  Bow  Creek  under  each  of  the 
alternatives,  the  technical  feasibility  of  the  alternatives'  vary.    Alternative  4A  calls  for  the 
removal  of  all  floodplain  contamination.   This  alternative  does  not  include  a  STARS 
component.    The  other  alternatives  utilize  STARS  to  varying  degrees.    As  discussed  in  §4.4, 
there  are  significant  problems  related  to  STARS.   Briefly,  these  concerns  are  that  in  time  the 
Creek  will  migrate  into  the  STARS-treated  floodplain  area  rendering  the  hazardous 
substances  in  the  floodplain  accessible  to  the  Creek.    In  addition,  overbank  flow  events  will 
cause  erosion  and  remobilization  of  hazardous  substances.   Finally,  in  what  might  be  a 
relatively  short  period  of  time,  the  acid  neutralization  potential  of  the  lime  may  become 
depleted  causing  those  parts  of  the  STARS-treated  floodplain  to  revert  to  their  present 
devegeated  state.    In  short,  it  is  anticipated  STARS  will  not  accomplish  its  intended 
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purposes. 

Due  to  issues  related  to  STARS,  there  is  a  significant  difference  in  technical 
feasibility  between  Alternative  4A,  which  does  not  utilize  the  STARS  remedy,  and   these 
other  alternatives  which  utilize  the  STARS  remedy. 

4.6.2  Cost-effectiveness 

A  distinction  between  the  alternatives  cannot  be  made  on  cost-effectiveness  grounds 
because  the  alternatives  do  not  provide  a  similar  level  of  benefits.   The  foregoing  discussion 
on  STARS  is  one  example  of  how  the  alternatives  differ  in  terms  of  their  benefits.    By 
utilizing  STARS,  Alternatives  4B  and  4C;  produce  a  different  level  of  benefits  than 
Alternative  4A,  which  does  not  utilize  STARS.    Similarly,  Alternative  4D,  4E  and  4F  which 
contemplates  no  additional  removal  of  floodplain  contamination  beyond  that  occurring  under 
remedy  produce  a  different  level  of  benefits  than  the  other  alternatives,  which  all  contemplate 
some  amount  of  removal. 

4.6.3  Results  of  Response  Actions 

Response  actions  anticipated  to  occur  at  this  site  will  not  restore  injured  resources  and 
will  leave  significant  residual  injury.    The  restoration  alternatives  were  designed  to  address 
the  residual  injury  and  to  improve  the  condition  of  injured  resources. 

There  are  significant  issues  associated  with  the  remedy  at  Silver  Bow  Creek.    First,  as 
just  noted,  are  issues  related  to  the  efficacy  of  STARS.   Second,  and  relatedly,  are  issues 
related  to  the  integration  of  response  actions  and  restoration  actions. 

The  restoration  alternatives  were  designed  using  one  of  two  approaches.    Alternative 
4 A  was  designed  to  restore  Silver  Bow  Creek  to  a  normal,  functioning  ecosystem.    This 
alternative  did  not  give  credence  to  STARS  as  a  viable  technology.   The  other  alternatives, 
the  other  hand,  build  on  STARS  (or,  as  in  the  case  of  Alternative  4F,  rely  on  STARS  in  its 
entirety).    Thus,  these  alternatives  must  be  evaluated  in  the  context  of  the  overall  concerns 
regarding  STARS. 

Alternative  4A  would  conflict  with  the  STARS  based  remedy  if  remedy  and 
restoration  cannot  be  coordinated.    Alternative  4B  would  also  conflict  with  the  STARS  based 
remedy  if  remedy  and  restoration  cannot  be  coordinated,  although  to  a  lesser  extent  than 
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under  Alternative  4A  because  some  STARS-treated  floodplain  is  being  left  in  place. 
Alternative  4C  would  conflict  with  the  STARS  based  remedy  to  the  same  degree  as 
Alternative  4A  upstream  of  Durant  Canyon,  but  would  not  conflict  at  all  with  the  STARS 
based  remedy  from  the  Canyon  to  Warm  Springs  Ponds.    Alternatives  4D,  4E  and  4F  would 
not  conflict  with  STARS,  however,  Alternative  4D  (like  Alternatives  4A,  4B,  and  4C)  would 
conflict  with  another  aspect  of  the  anticipated  remedy,  namely  the  removal  of  streambed 
sediments. 

As  discussed  in  the  introduction  to  the  plan,  the  operative  assumption  is  that 
coordination  between  response  authorities  and  restoration  authorities  will  occur.    Should  such 
coordination  prove  impossible,  this  plan  will  need  to  be  revised. 

4.6.4  Potential  for  Additional  Injury 

There  will  be  minor,  short-term  impacts  from  the  implementation  of  the  action 
alternatives.    Since  Alternative  4A  is  more  intensive  than  the  other  alternatives,  impacts,  to 
the  extent  they  occur,  will  be  greater  under  this  alternative.    Impacts  will  be  those 
customarily  associated  with  construction  activities.    Particulate  matter  will  be  emitted  and 
runoff  to  Silver  Bow  Creek  will  occur.    These  impacts  will  be  mitigated  using  standard 
practices. 

Other  impacts  associated  with  the  action  alternatives  include  the  disturbance  of  what 
little  floodplain  vegetation  exists.    Other  minor,  short-term  impacts  are  associated  with 
streamchannel  excavation.    Streambed  sediment  removal  and  the  temporary  dewatering  of  the 
Creek  will  eliminate  the  depauperate  macroinvertebrate  community.   Sediment  removal  will 
enable  macroinvertebrates  to  recover  within  a  few  years  after  the  completion  of  the  action. 

4.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

Recovery  times  for  all  the  alternatives  except  Alternative  4A  are  bound  up  with 
STARS  issues.    Under  Alternative  4A,  the  enormous  volume  of  contamination  in  the  Silver 
Bow  Creek  drainage,  will  prevent  baseline  from  being  reached  for  approximately  200  years. 
However,  the  establishment  of  a  healthy  riparian  corridor  and  the  return  of  large  numbers  of 
trout  to  Silver  Bow  Creek  will  result  in  substantial  recovery  in  about  30  years. 

For  the  remaining  alternatives,  evaluation  of  estimates  of  recovery  differ  depending 
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on  whether  restoration  to  baseline  is  used  or  substantial  recovery  is  used.    It  is  far  easier  to 
project  restoration  to  baseline  because  restoration  to  baseline  is  a  function  of  the  amount  of 
contamination  left  in  the  floodplain.   And,  this  is  so  regardless  of  the  efficacy  of  STARS. 
Thus,  for  example,  it  will  take  less  time  to  reach  baseline  under  Alternative  4B— centuries-- 
than  under  Alterative  4F— thousands  of  years— because  more  contamination  is  removed  under 
Alternative  4B  than  Alternative  4F. 

With  regard  to  substantial  recovery  under  Alternatives  4B,  4C,  4D,  4E,  and  4F  the 
situation  is  murkier.    As  discussed  earlier,  it  is  very  difficult  to  predict  with  any  level  of 
certainty  the  exact  circumstances  and  time  of  the  recontamination  of  Silver  Bow  Creek. 
Under  any  of  the  alternatives  that  utilize  STARS,  however,  the  question  is  not  if 
recontamination  will  occur,  but  when. 

4.6.6  Human  Health  and  Safety 

There  is  virtually  no  difference  between  the  alternatives  with  regard  to  this  factor. 
Risks  to  human  health  and  safety,  to  the  extent  such  risks  exist,  will  be  minimized  by 
compliance  with  all  applicable  laws  and  regulations  governing  workplace  safety  and  by 
designing  and  implementing  the  alternatives  in  such  a  manner  as  to  ensure  that  the  public  is 
protected.   Since  Alternative  4A  is  the  most  intensive  it  would  presumably  have  the  greatest 
degree  of  risk  associated  with  it.    Under  this  same  reasoning  Alternative  4F  would  pose  the 
least  amount  of  risk  to  human  health  and  safety. 

4.6.7  Federal.  State,  and  Tribal  PoUcies 

There  are  no  federal,  state,  or  tribal  policies  implicated  by  these  alternatives. 

4.6.8  Federal.  State,  and  Tribal  Laws 

All  alternatives  are  consistent  with  applicable  law.    Moreover,  before  implementing 
the  alternatives,  the  State  would  obtain  all  necessary  permits  and  authorizations. 

4.6.9  Other  Relevant  Factors 

In  the  course  of  planning  its  expedited  response  action  for  LAO,  the  U.S.  EPA 
encountered  a  degree  of  community  opposition  to  the  disposal  of  tailings  at  the  Opportunity 
Ponds.   All  of  the  action  alternatives  call  for  disposal  of  tailings  and  contaminated  soils  at 
Opportunity  and/or  Anaconda  Ponds.   Decisions  regarding  disposal  will  be  made  during  the 
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preparation  and  implementation  of  a  Restoration  Plan. 

4.6.10   Cost-Benefit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  4A--$54.5  million;  Alternative  4B--$51.2  million; 
Alternative  4C--$41.5  million;  and  Alternative  4D--$24.5  millionj    Alternative  4E  $3.9 
million;  Alternative  4F  $1.5  million.   Based  on  the  following  analysis,  and  informed  by  the 
State's  knowledge  of  the  resource,  the  State  selects  Alternative  4A. 

Silver  Bow  Creek  is,  or  could  be,  a  valuable  resource.    It  runs  through  one  of 
Montana's  largest  cities,  yet  it  is  basically  a  dead  system.    Returning  this  resource  to  some 
level  of  function  is  vital.    Moreover,  and  notwithstanding  this  plan's  grave  expressions  of 
concerns  over  STARS,  it  is  evident  that  U.S.  EPA  and  MDHES  share  this  sentiment. 
STARS  was  the  critical  issue  here.    At  present  it  is  not  anticipated  that  STARS  will  work  as 
intended.    Furthermore,  even  if  it  was  more  probable  that  STARS  would  work  as  intended, 
the  risk  associated  with  STARS  would  still  be  to  great  to  accept.    Therefore,  a  rememdy 
which  utilized  STARS  simply  could  not  be  selected. 

In  the  final  analysis,  the  alternative's  costs  must  be  looked  at  alongside  all  of  the 
relevant  factors.    An  expenditure  of  $54.5  million  dollars   in  addition  to  remedy,  to  restore  a 
resource  that  has  been  unavailable  to  the  citizens  of  Montana  for  approximately  100  years, 
and  would  remain  unavailable  for  generations  to  come  were  restoration  actions  not 
undertaken,  is  entirely  justified. 
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5.0       MONTANA  POLE  GROUNDWATER  AND  SOIL  RESOURCES 

5.1  Description  of  Site  and  Iixjury 

From  1946  to  1984,  the  Montana  Pole  and  Treating  Plant  utilized  pentachlorophenol 
(PCP)  and  diesel  fuel  to  preserve  wood  products.   The  site  is  located  in  the  southwest  portion 
of  Butte  and  is  bounded  on  the  north  by  Silver  Bow  Creek,  on  the  east  by  a  railroad  right-of- 
way,  on  the  south  by  Greenwood  Ave,  and  on  the  west  by  the  former  location  of  the 
Colorado  Smelter.   An  elevated  portion  of  Interstate  15/90  cuts  across  the  site  in  an  east-west 
direction. 

During  the  lifetime  of  the  facility,  hazardous  substances-primarily  in  the  form  of 
PCP— were  released  to  the  environment.   Based  on  the  size  of  the  groundwater  contaminant 
plume,  it  is  estimated  that  there  are  1.1  million  pounds  of  PCP  at  the  site.   Other 
contaminants  released  from  the  plant  and  detected  on  site  include:   polynuclear  aromatic 
hydrocarbons  (PAH),  BTEX  (benzene,  toluene,  ethylbenzene,  and  total  xylenes),  dioxins, 
and  furans.   Due  to  the  threat  to  public  health  and  the  environment  from  these  releases,  in 
1987  EPA  placed  Montana  Pole  on  the  National  Priorities  List. 

Wood  treating  fluids  containing  hazardous  substances  were  released  directly  to  the 
ground  surface  over  the  period  of  plant  operations.    Subsequent  transport  of  hazardous 
substances  through  the  soil  and  to  groundwater  has  resulted  in  widespread  contamination 
throughout  the  site.   The  connection  between  site  groundwater  and  Silver  Bow  Creek  has 
resulted  in  hazardous  substances  (primarily  PCP)  being  transported  to  the  Creek. 

As  measured  by  exceedances  of  the  maximum  contaminant  level  of  one  part  per 
billion  for  PCP,  the  areal  extent  of  groundwater  contamination  is  44  acres,  with  a  total 
volume  of  about  350  acre-feet.   Approximately  239,000  cubic  yards  of  soil  is  also 
contaminated  by  PCP. 

5.2  Sources  of  Hazardous  Substances 

At  Montana  Pole  soils  and  groundwater  contaminate  each  other.   Specifically,  the 
hazardous  substances  in  the  contaminated  groundwater  plume  are  in  a  non-aqueous  phase  (oil 
product)  and  a  dissolved  phase.   The  non-aqueous  phase  floats  on  top  of  the  groundwater  and 
is  up  to  three  feet  thick.   When  the  groundwater  level  fluctuates,  some  portion  of  the  floating 
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prcxluct  adheres  to  the  soils  it  contacts.   Thus,  the  groundwater  is  continually 
recontaminating  soils. 

Upon  contact  with  groundwater,  either  through  water  table  fluctiiations  or  capillary 
action,  PCP  in  the  soils  will  be  transported  to  and  dissolved  in  the  groundwater.    Unlike  the 
non-aqueous  phase,  the  dissolved  phase  is  not  confined  to  the  groundwater  surface  but 
extends  throughout  the  aquifer.   The  dissolved  phase  moves  with  the  groundwater  through 
the  aquifer  to  Silver  Bow  Creek. 

Contaminated  soils  also  serve  as  a  source  for  groundwater  contamination  due  to 
infiltration  of  precipitation.   Water  moving  through  overlying  contaminated  soils  transport 
PCP  and  other  hazardous  substances  to  groundwater. 

5.3   CERCLA  Response  Actions 

Response  actions  were  undertaken  as  early  as  1985  with  the  installation  of  two 
groundwater  interception/oil  recovery  systems.   The  following  year  approximately  10,000 
cubic  yards  of  contaminated  soil  were  excavated,  bagged,  and  placed  into  storage  in  metal 
buildings  on-site. 

Additional  response  actions  were  initiated  in  late  1992,  and  included  the  construction 
of  an  890-foot  barrier  wall  to  intercept  LNAPL  before  it  reaches  Silver  Bow  Creek  and  the 
installation  of  ten  recovery  wells.   Each  well  has  two  pumps.   One  pump  collects  floating 
product,  the  other  pumps  groundwater  to  a  treatment  facility  constructed  on-site.   With  the 
installation  of  this  system,  the  system  installed  in  1985  was  shut  down. 

A  Record  of  Decision  (ROD),  which  outlines  the  selected  remedy,  was  issued  by 
MDHES  and  EPA  in  September  1993.   The  components  of  the  selected  remedy  are  outlined 
below: 

1)  excavation  of  198,000  cubic  yards  of  contaminated  soils; 

2)  treatment  of  excavated  soils  to  cleanup  levels  of  34  ppm  for  PCP  by  above 
ground  biological  treatment; 

3)  backfilling  208,000  cubic  yards  of  treated  soils  meeting  cleanup  levels  into 
excavated  areas; 

4)  revegetating  the  site; 
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5)  soil  flushing  41,000  cubic  yards  of  contaminated  soils  underlying  a  berm 
supporting  Interstate  15/90  and  3,000  cubic  yards  of  contaminated  soils 
underlying  structures  on  site,  such  as  the  water  treatment  plant; 

6)  containment  of  contaminated  groundwater  and  LNAPL  using  physical  and/or 
hydraulic  barriers  (as  determined  during  remedial  design)  in  order  to  prevent 
the  spread  of  contaminated  groundwater  and  LNAPL  and  to  limit  releases  of 
contamination  to  Silver  Bow  Creek; 

7)  treatment  of  extracted  groundwater  to  cleanup  levels  by  the  existing  treatment 
plant,  and  reinjection  or  discharge  to  Silver  Bow  Creek  of  the  treated 
groundwater; 

8)  in-place  biological  treatment  of  contaminated  groundwater,  inaccessible 
contaminated  soils  areas,  and  contaminated  soils  not  recovered  by  excavation; 
and 

9)  institutional  controls  to  prevent  any  residential  use  of  the  site. 

Under  the  remedy,  soil  excavation  and  treatment  will  address  198,000  cubic  yards  of 
soil  and  10,000  cubic  yards  of  soil  stored  on  site.   Soils  will  be  treated  until  they  reach  the 
cleanup  level  of  34  ppm  for  PCP--a  risk  based  cleanup  level  to  protect  public  health  for 
recreational  and  industrial  uses— at  which  p>oint  the  soils  will  be  backfilled  into  the  excavated 
area.   44,000  cubic  yards  of  soil  under  the  highway  berm  and  site  structures  will  not  be 
excavated  but  will  be  treated  by  soil  flushing  and  in-situ  biological  treatment. 

The  remedy  establishes  groundwater  points  of  compliance  at  the  waste  management 
boundary,  which  will  likely  be  the  edge  of  the  excavated  area,  and  along  the  south  bank  of 
Silver  Bow  Creek.   Pumping  and  treating  contaminated  groundwater  seeks  to  ensure  that 
groundwater  clean-up  levels  are  not  exceeded  at  these  points  of  compliance  and  that  the 
plume  of  contamination  does  not  migrate  into  uncontaminated  areas  or  the  Creek.   The 
expectation  is  that  over  time  and  in  response  to  cleanup  efforts,  the  volumes  and 
concentrations  of  contamination  in  the  groundwater  plume  will  be  reduced  to  the  point  where 
natural  processes  will  ensure  that  cleanup  levels  are  maintained  at  the  points  of  compliance. 
When  the  site  is  stabilized,  albeit  still  contaminated,  pumping  and  treating  is  to  be 
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discontinued.   It  is  estimated  this  will  occur  in  approximately  30  years. 

The  remedy  utilizes  institutional  controls  to  prevent  the  use  of  site  groundwater. 
Institutional  controls  will  also  address  the  contamination  remaining  in  soils  after  treatment. 

5.4  Residual  Injury 

The  selected  remedy  outlined  in  the  ROD  will  protect  public  health  by  reducing  the 
volume  and  toxicity  of  the  contamination  presently  found  at  the  Montana  Pole  site  and 
preventing  further  releases  from  the  site.   However,  the  remedy  will  not  restore  natural 
resources  to  baseline  conditions,  nor  is  it  intended  to. 

After  the  implementation  of  the  remedy,  soils  and  groundwater  will  remain 
contaminated  above  baseline  conditions.   Approximately  44,000  cubic  yards  of  soil  under  the 
highway  berm  and  site  structures  will  not  be  excavated.    Thus,  floating  product  will  remain 
under  the  highway  and  site  structures.    These  soils  will  be  treated  in-place  by  soil  flushing 
and  biological  treatment.   But,  these  treatment  methods  are  not  expected  to  be  nearly  as 
effective  in  reducing  contaminant  levels  as  excavation  and  above-ground  treatment  are 
expected  to  be.   It  is  estimated  that  10%  of  the  existing  contamination  will  remain  on-site. 
Considering  the  extent  and  degree  of  contamination  at  the  site,  substantial  residual 
contamination  will  remain  beneath  site  structures.    Using  the  1.1  million  pounds  of  PCP 
estimate  provided  above,  110  thousand  pounds  of  PCP  will  remain  beneath  site  structures. 
By  the  processes  described  earlier,  contaminants  in  these  soils  will  be  transported  to 
groundwater. 

Soils  that  are  excavated,  treated  to  34  ppm,  and  backfilled  will  also  remain 
contaminated.   It  is  estimated  that  16,000  pounds  of  PCP  will  remain  in  the  backfilled  soils. 
Because  the  excavation  will  extend  below  the  water  table  and  because  the  water  table 
fluctuates,  contaminants  in  the  backfilled,  treated  soils  will  be  transported  from  soils  to 
groundwater.    Contaminants  in  backfilled  soil  above  the  water  table  will  also  be  transported 
to  groundwater  as  precipitation  infiltrates  through  the  soil. 

Although  the  remedy's  pumping  and  treating  and  in-situ  biological  treatment  program 
will  reduce  levels  of  contamination,  it  will  not  (and  does  not  attempt  to)  restore  groundwater 
to  baseline  conditions.   Rather,  the  program  reduces  contamination  and  limits  the  spread  of 
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the  plume.  Once  the  plume  is  contained  within  the  site,  pumping  and  treating  will  cease  and 
residual  contamination  is  to  be  addressed  by  natural  processes.  It  is  estimated  that  350  acre- 
feet  of  groundwater  will  remain  contaminated  upon  completion  of  the  remedy. 

5.5  Restoration  Alternatives 

5.5.1  Introduction 

As  discussed  in  Section  1.2.2.,  restoration  planning  will  be  coordinated,  to  the 
maximum  possible  extent,  with  response  action  planning.   The  Natural  Resource  Damage 
Litigation  Program  (NRDLP)  will  endeavor  to  implement  restoration  actions  in  conjunction 
with  the  response  action.    Such  coordination  seeks  to  ensure  that  restoration  actions  do  not 
conflict  with  the  chosen  response  action. 

While  remedy  reduces  and  contains  contamination,  the  remedy  will  leave 
contamination  on-site  in  the  form  of  soils  under  the  highway  berm  and  other  site  structures 
and  backfilled  soils  at  the  34  ppm  cleanup  level  for  PCP.   To  address  these  sources  of 
contamination,  an  alternative  is  proposed  that  would  conflict  with  the  remedy  if  the  remedy 
is  implemented  prior  to  the  restoration  action.   As  noted,  it  is  NRDLP's  intention  that 
conflicts  be  avoided  by  coordinating  with  CERCLA  response  authorities.    Accordingly,  the 
alternatives  are  premised  on  this  assumption. 

5.5.2  Alternative  5A 

This  alternative  seeks  to  restore  resources  and  services  to  baseline  in  as  short  a  time 
as  possible.   It  does  this  by  removing  all  accessible  sources  of  contamination  and  by 
continuing  pumping  and  treating  to  remove  all  contaminants  and  address  residual  on-site 
contamination.   Its  critical  elements  include: 

1)  excavation  of  contaminated  soils  under  the  highway  berm; 

2)  off-site  disposal  of  soils  to  be  treated  and  soils  excavated  under  the  highway 
berm; 

3)  backfilling  excavated  areas  with  clean  fill  and  highway  berm  replacement; 

4)  pumping  and  treating  contaminated  groundwater  with  in-place  biological 
treatment;  and 

5)  natural  recovery. 
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Under  this  alternative,  208,000  cubic  yards  of  contaminated  soils  to  be  treated  and 
backfilled  under  remedy  would,  instead,  be  disposed  of  off-site.   41,000  cubic  yards  of 
contaminated  soils  beneath  the  highway  berm  would  be  excavated.   This  would  require  the 
removal  of  two  highway  support  structures  and  the  portion  of  the  highway  on  top  of  the 
berm.   It  would  also  require  the  excavation  and  stockpiling  of  the  berm  to  access  the 
contaminated  soils.   This  task  would  take  approximately  2  months.   Disposal  of  contaminated 
soils  would  occur  off-site. 

Soils  and  contamination  not  addressed  under  this  alternative  comprise  approximately 
3,000  cubic  yards  of  soils  under  site  structures.   Under  these  structures  floating  product 
would  remain,  constituting  a  source  of  contamination.   As  noted,  various  treatment 
techniques  employed  by  remedy  will  attempt  to  address  this  remaining  product. 

Pumping  and  treating  is  necessary  to  address  on-site  contaminated  groundwater. 
Pumping  and  treating  is  part  of  the  remedy  but  it  is  an  equally  critical  component  of  this 
alternative.    Groundwater  would  be  pumped  using  the  wells  and/or  recovery  trenches 
employed  during  remedy.   Groundwater  would  be  treated  to  remove  contaminants  and  then 
oxygenated  prior  to  reinjection  into  the  aquifer.   The  oxygenated  water  will  enhance  natural 
biological  activity  and  help  break  down  the  organic  compounds  (PCP)  in  the  soil  and  the 
groundwater. 

Under  this  alternative  restoration  of  resources  and  services  to  baseline  would  occur  in 
several  decades. 

Due  to  the  fact  that  nearly  all  sources  of  contamination  are  being  addressed  under  this 
alternative,  significant  benefits  would  accrue  to  the  resource  relatively  rapidly.   Substantial 
recovery,  whereby  virtually  all  of  the  floating  product  at  the  site  would  be  eliminated,  would 
occur  within  a  year  after  the  completion  of  excavation. 

5.5.3   Alternative  5B 

This  alternative  removes  a  significant  source  of  contamination  at  the  site  and  relies,  in 
large  part,  on  the  remedy's  components.   Its  critical  elements  include: 

1)  excavation  of  contaminated  soils  under  the  highway  berm; 

2)  land-treatment  of  soils  excavated  from  under  the  highway  berm  and  relocating 
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the  soils  to  the  site-wide  excavation; 

3)  backfilling  excavated  area  with  clean  fill  and  highway  berm  replacement; 

4)  pumping  and  treating  contaminated  groundwater  with  in-place  biological 
treatment;  and 

5)  natural  recovery. 

By  removing  41,000  cubic  yards  of  contaminated  soils  under  the  highway,  this 
alternative  addresses  a  major  source  of  contamination  remaining  on  site  after  implementation 
of  the  remedy.   Contaminated  soils  from  underneath  the  highway  berm  would  be  land-treated 
to  the  PCP  cleanup  level  of  34  ppm  PCP  and  placed  into  the  site-wide  excavation  along  with 
the  other  208,000  cubic  yards.    Contaminated  soils  from  underneath  the  berm  would  not  be 
put  back  into  their  original  location  because  the  berm  and  the  highway  have  to  be 
reconstructed  immediately  and  cannot  wait  for  a  reduction  in  soil  contaminant  levels. 

As  in  Alternative  5A,  pumping  and  treating  would  be  necessary  to  address 
contaminated  groundwater. 

Under  this  alternative,  more  contamination  is  being  left  on-site  than  in  Alternative 
5 A.   Contamination  located  in  the  backfilled,  treated  soil  will  migrate  to  groundwater. 
Pumping  and  treating  and  biological  treatment  would  partially  address  this  contamination. 
Residual  contamination  will  also  be  depleted  as  a  result  of  biological  and  chemical  processes. 
It  is  estimated  that  restoration  of  resources  and  services  to  baseline  would  occur  in 
approximately  a  century.    Substantial  recovery,  would  take  the  same  length  of  time  under 
this  alternative  as  under  Alternative  5A  because  removal  of  floating  product  under  the 
highway  will  eliminate  virtually  all  the  product  on  site. 

5.5.4  Alternative  5C 

This  alternative  relies  on  pumping  and  treating,  rather  than  removal.   Its  critical 
features  include: 

1)  pumping  and  treating  contaminated  groundwater  with  in-place  biological 
treatment;  and 

2)  natural  recovery. 

Under  this  alternative,  residual  soil  contamination  would  be  addressed  indirectly  by 
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allowing  contaminants  to  migrate  to  groundwater  and  then  by  treating  the  groundwater.   With 
no  removal  of  contaminated  soils,  this  alternative  ensures  a  longer  period  for  restoration.    It 
is  estimated  that  restoration  of  resources  and  services  to  baseline  would  take  a  few  centuries. 
Substantial  recovery,  whereby  virtually  all  of  the  floating  product  at  the  site  is  eliminated, 
would  occur  in  approximately  30  years  as  a  result  of  the  benefits  from  pumping  and  treating. 

5.5.5  Alternative  5D 

In  this  alternative  no  further  action  is  taken  at  the  site  beyond  the  remedy. 
Monitoring  and  oversight  would  occur  to  evaluate  site  conditions  and  the  process  of  natural 
recovery.   As  described  earlier,  pumping  and  treating  would  cease  pursuant  to  the  remedy 
when  the  site  was  stabilized,  which  is  estimated  to  occur  in  30  years.    Natural  recovery 
would  then  be  relied  on  to  restore  the  site  to  baseline.    As  a  result  of  ceasing  pumping  and 
treating,  it  will  take  considerably  longer  to  reach  baseline  in  this  alternative  than  under  the 
previous  alternatives.   It  is  estimated  that  restoration  of  resources  and  services  to  baseline 
would  occur  in  three  to  five  centuries.    Substantial  recovery  would  occur  in  the  same  length 
of  time  under  this  alternative  as  under  Alternative  5C  because  elimination  of  virtually  all 
floating  product  assuming  no  additional  source  removal  is  a  function  of  pumping  and 
treating,  and  it  is  anticipated  that  remedy  will  pump  and  treat  for  30  years. 

5.6  Evaluation  of  Alternatives 

5.6.1  Technical  Feasibility 

The  alternatives  are  equivalent  in  terms  of  technical  feasibility.   Alternative  5A  is 
unremarkable  in  its  proposal  to  dispose  of  contaminated  soils  off  site  and  rely  on  pumping 
and  treating.   Alternative  5B  does  not  rely  on  off-site  disposal  but,  instead,  land-treats 
contaminated  soils  excavated  from  under  the  highway.   Land-treatment  is  utilized  by  remedy 
and,  according  to  the  Montana  Pole  ROD,  is  a  treatment  technology  that  has  been  "used  in 
full  scale  application  at  other  sites."   ROD  at  p.  35.   Alternative  5C  relies  entirely  on 
pumping  and  treating,  which  is  a  technology  commonly  used  to  address  PCP  contamination. 
Alternative  5D  is  based  on  natural  recovery. 

5.6.2  Cost-effectiveness 

A  distinction  between  the  alternatives  cannot  be  made  on  cost-effectiveness  grounds 
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because  the  alternatives  provide  different  levels  of  benefits.   The  time  frame  for  restoration 
to  baseline  varies  widely  between  the  alternatives.   Under  Alternative  5A  baseline  will  be 
reached  in  several  decades;  under  Alternative  5B  baseline  will  be  reached  in  approximately  a 
century;  under  Alternative  5C  baseline  will  be  reached  in  a  few  centuries;  and  under 
Alternative  5D  baseline  will  be  reached  in  300  to  500  years. 

5.6.3  Results  of  Response  Actions 

As  discussed,  response  actions  at  Montana  Pole  that  have  occurred  or  will  occur 
pursuant  to  the  ROD  will  not  restore  injured  resources  and  will  leave  significant  residual 
injury.   If  restoration  actions  are  not  implemented  groundwater  at  the  site  will  remain 
contaminated  for  three  to  five  centuries.    The  restoration  alternatives  were  designed  to 
address  the  residual  injury  and  to  improve  the  condition  of  injured  resources. 

Under  Alternative  5A,  contaminated  soils  that  are  excavated  by  remedy  will  be 
disposed  of  off-site  in  a  RCRA  subtitle  C  disposal  facility.   The  land-treatment  of  these  soils 
presently  contemplated  by  remedy  would  not  occur  were  Alternative  5A  to  be  selected. 
Under  Alternative  5B,  contaminated  soils  that  are  excavated  from  beneath  the  highway  berm 
would  be  land-treated  and  disposed  of  in  the  site  wide  excavation  along  with  the  rest  of  the 
land-treated  soils.    Alternative  5C  entails  pumping  and  treating,  which  will  simply  pick-up 
when  pumping  and  treating  pursuant  to  remedy  terminates. 

Alternative  5C  is  entirely  separate  from  remedy.    Alternative  5B  requires  coordination 
over  remedy's  plans  for  soil  flushing  under  the  highway  berm  and  the  alternative's  proposal 
to  excavate  these  soils  and  then  dispose  of  them  on-site.    Alternative  5A  will  require 
additional  coordination  over  issues  related  to  the  disposal  of  the  contaminated  soils  remedy 
excavates  in  an  off-site  disposal  facility. 

5.6.4  Potential  for  Additional  Injury 

The  implementation  of  these  alternatives  will  result,  to  slightly  varying  degrees,  in 
minor  environmental  harm.    Alternative  5 A  poses  the  greatest  potential  risk  of  additional 
environmental  harm  because  this  alternative's  contemplates  disposal  of  PCP  contaminated 
wastes  in  a  off-site  facility.   This  facility  would  meet  applicable  regulatory  requirements. 
Still,  there  would  exist  the  risk  of  groundwater  contamination  from  the  facility.    In  addition, 
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the  facility  will  be  a  new  facility.   Thus,  there  would  be  the  typical  environmental  impacts 
associated  with  constructing  such  a  facility.   Finally,  the  facility  would  require  that  land  be 
dedicated  and  disturbed. 

There  will  also  be  environmental  impacts  related  to  the  disposal  of  treatment  plant 
wastes  under  Alternative  5A,  as  with  all  the  alternatives.   In  fact,  under  Alternative  5A  these 
impacts  would  be  of  less  significance  than  the  other  alternatives  because  the  treatment  plant 
would  need  to  operate  for  a  shorter  period  of  time  under  this  alternative  than  the  others. 
Impacts  associated  with  the  disposal  of  treatment  plant  sludges  include  air  pollution  caused  by 
the  transport  and  incineration  of  the  sludges  and  the  risk  of  environmental  contamination 
from  a  spill  or  accident  in  route. 

Alternative  5A  also  calls,  as  does  Alternative  5B,  for  the  excavation  of  contaminated 
soils  under  the  highway  berm.   Minor  environmental  impacts,  of  a  kind  typically  associated 
with  construction,  would  result  from  this  activity.    These  impacts— the  release  of  particulate 
matter  and  runoff  into  surface  water  from  the  site,  for  example—would  be  mitigated  to  the 
fullest  possible  extent  through  the  use  of  standard  construction  practices. 

Excavation  under  the  highway  berm  would  also  likely  increase  air  pollution  to  a 
minor  degree  due  to  the  need  to  detour  traffic  off  the  highway  for  a  short  period  of  time. 

As  noted,  the  potential  for  environmental  impacts  is  less  under  Alternative  5B  than 
Alternative  5A  because  Alternative  5B  does  not  contain  all  of  the  elements  contained  in 
Alternative  5A.    Similarly,  Alternative  5C  poses  less  of  a  risk  than  Alternative  5B. 

Other  than  the  long-term  contamination  of  groundwater  sanctioned  by  Alternative  5D, 
this  alternative  poses  no  risks  to  the  environment.    Under  this  alternative,  the  plume  of 
contamination  is  contained  within  the  site. 

5.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

Under  Alternative  5D,  natural  recovery  will  restore  resources  and  services  to  baseline 
in  300  to  500  years.    Substantial  recovery  of  the  resource,  which  at  this  site  is  defined  as  the 
time  that  virtually  all  of  the  floating  oil  product  will  be  eliminated,  will  occur  in 
approximately  30  years. 

Under  Alternative  5C,  which  begins  to  pump  and  treat  site  groundwater  when  remedy 
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leaves  off  in  30  years,  baseline  will  not  be  reached  for  a  few  centuries.   With  no  additional 
source  removal,  the  rate  of  substantial  recovery  is  tied  to  pumping  and  treating.   Thus, 
substantial  recovery  under  Alternative  5C,  is  projected  to  occur  in  the  same  time  frame  as 
under  Alternative  5D--30  years. 

The  removal  of  the  large  volume  of  PCP  under  the  highway  berm  under  Alternative 
5B  will  substantially  decrease  the  time  to  restoration  compared  to  the  two  alternatives  that  do 
not  propose  any  source  removal.   Under  tWs  alternative,  baseline  will  be  achieved  in 
approximately  a  century.    Substantial  recovery  would  occur  within  one  year  since  excavation 
of  soils  under  the  highway  berm  would  remove  virtually  all  of  the  floating  product  on  the 
site. 

Alternative  5A  would  reduce  the  time  to  restoration  and  substantial  recovery  rates  still 
further.   Under  this  alternative,  baseline  would  be  achieved  in  30  years.    Substantial  recovery 
would  take  the  same  length  of  time  here  as  under  Alternative  5B  since  this  alternative  would 
also  excavate  contaminated  soils  beneath  the  highway  berm. 

5.6.6  Human  Health  and  Safety 

Alternative  5A  probably  presents  the  greatest  risk  to  human  health  and  safety  of  any 
of  the  alternatives,  although  the  risk  is  not  especially  significant.   Under  this  alternative  it 
will  be  necessary  to  handle  a  substantial  volume  of  highly  contaminated  soil  in  order  to 
dispose  of  the  soil  at  a  facility.    Although,  all  workplace  safety  and  hazardous  materials 
handling  requirements  will  be  complied  with,  the  health  risks  to  the  workers  associated  from 
this  action  cannot  be  completely  eliminated. 

Alternative  5A  also  includes  removal  of  the  highway  berm  to  access  contaminated 
soils,  an  element  shared  with  Alternative  5B.   Worker  exposure  to  hazardous  substances 
during  excavation  is  a  possibility.   In  addition,  it  will  be  necessary  to  detour  traffic  off  the 
highway  while  this  work  is  proceeding-projected  to  occur  for  two  months.   While  traffic 
will  be  routed  off  the  highway,  and  the  detour  will  be  designed  in  as  safe  a  manner  as 
possible,  such  an  action  will  present  slight  risks  to  the  traveling  public.   However,  as  it 
presently  exists,  the  bridge/overpass  does  not  meet  current  national  highway  standards. 
Reconstruction  of  the  highway  to  existing  standards  will  improve  the  roadway  and  increase 
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public  safety. 

5.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  federal,  state,  or  tribal  policies  implicated  by  these  alternatives. 

5.6.8  Federal.  State,  and  Tribal  Laws 

All  alternatives  are  consistent  with  applicable  law.   Moreover,  before  implementing 
the  alternatives,  the  State  would  obtain  all  necessary  permits  and  authorizations. 

5.6.9  Other  Relevant  Factors 

No  other  relevant  factors  have  been  identified. 

5.6.10  Cost-Benefit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  5A--$40.9  million;  Alternative  5B--$18.4  million; 
Alternative  5C— $6.5  million;  and  Alternative  5D--$.7  million.    Based  on  the  following 
analysis,  and  informed  by  the  State  of  Montana's  knowledge  of  the  resource,  the  State  selects 
Alternative  5B. 

Several  issues  were  critical  in  the  State's  selection  of  Alternative  5B.    First,  it  was 
not  deemed  acceptable  to  allow  groundwater  resources  in  an  urban  setting  to  remain 
contaminated  and  be  unavailable  for  use  for  300  to  500  years  when  actions  could  be  taken  at 
relatively  low  cost  that  would  significantly  lessen  this  period.   It  was  for  this  reason  that 
Alternative  5D  was  not  acceptable. 

Alternative  5C--pumping  and  treating-would  not  have  significantly  shortened  the  time 
frame  for  restoration  over  Alternative  5D.   Thus,  if  the  State's  choice  had  been  between 
Alternative  5C  and  5D,  the  State  would  have  been  constrained  to  choose  Alternative  5D 
because  of  the  lack  of  any  real  difference  between  the  two.   The  length  of  time  the  treatment 
plant  would  have  to  operate  was  also  a  factor  militating  against  the  selection  of  Alternative 
5C. 

Alternatives  5B  and  5A  do  produce  significant  gains  to  the  resource.   Under 
Alternative  5B,  all  of  the  floating  product  would  be  eliminated  and  most  of  the  remaining 
contamination  would  be  addressed.    Alternative  5A  addresses  virtually  all  existing 
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contamination.    The  difference  between  these  two  alternatives  in  terms  of  time  to  baseline  is 
meaningful  but  not  dispositive.    Alternative  5A  would  reach  baseline  in  30  years,  Alternative 
5B  would  reach  baseline  in  approximately  a  century.    If  this  was  the  only  consideration,  the 
choice  would  likely  have  been  Alternative  5A. 

Alternative  5B  was  chosen  over  Alternative  5A  for  several  reasons.    First,  both 
alternatives  equally  produce  substantial  recovery.    Elimination  of  floating  product  at  the  site 
will  greatly  reduce  concentrations  of  PCP  in  groundwater  and  will  facilitate  restoration. 
While  it  cannot  be  determined  with  any  degree  of  precision,  under  Alternative  5B  drinking 
water  standards  might  be  achieved  in  less  than  a  century. 

Second,  Alternative  5B  allows  remedy's  on-site  treatment  to  go  forward,  while 
Alternative  5A  does  not.   The  preference  for  on-site  treatment  was  a  significant  factor  in  the 
selection  of  remedy.    On  the  other  hand,  Alternative  5A  would  require  the  construction  of 
new  disposal  facility  with  its  attendant  environmental  impacts. 

Third,  Alternative  5B  is  relatively  inexpensive,  given  the  degree  of  injury  at  this  site 
and  the  relative  benefits  produced  from  implementing  the  alternative.    Alternative  5A  is  more 
than  twice  as  expensive  as  Alternative  5B,  and  could  not  be  justified  notwithstanding  its  short 
time  frame  for  restoration. 

Lastly,  no  other  factors  were  deemed  significant.    Any  risks  associated  with  detouring 
traffic  off  the  highway  were  acceptable  and  more  than  compensated  for  by  rebuilding  the 
highway  to  existing  standards.    Environmental  impacts  were  minor.    Workplace  safety  and 
worker  exposure  to  hazardous  substances  could  be  addressed  by  standard  practices. 
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6.0       ROCKER  GROUNDWATER  AND  SOIL  RESOURCES 

6.1  Description  of  Site  and  Injury 

The  site  of  the  former  Rocker  Timber  Framing  and  Treating  Plant  is  adjacent  to 
Silver  Bow  Creek  approximately  7  miles  west  of  Butte.   The  plant  milled  and  treated  timbers 
for  the  mining  industry  utilizing  a  process  that  required  the  application  of  dissolved  arsenic 
and  creosote.    Releases  of  hazardous  substances  have  resulted  in  soil  and  groundwater 
contamination.   The  site  is  a  unit  of  the  Silver  Bow  Creek/Butte  Addition  NPL  site. 

Organic  compounds,  metals,  and  metalloids  released  from  wood  treatment  processes 
have  been  transported  through  soils  to  the  water  table  and  have  contaminated  the 
groundwater  system  underlying  and  adjacent  to  the  site.    Contaminants  include  arsenic, 
cadmium,  copper,  lead,  zinc,  iron,  manganese,  sulfate,  and  polynuclear  aromatic 
hydrocarbons  (PAH). 

As  delineated  by  exceedances  of  drinking  water  standards  for  various  contaminants, 
there  are  approximately  191  acre-feet  of  contaminated  groundwater.   The  areal  extent  of 
contamination  is  about  26  acres.    Arsenic,  which  is  the  contaminant  of  most  concern  at 
Rocker,  is  present  in  concentrations  exceeding  drinking  water  standards  in  approximately  83- 
acre  feet  of  groundwater.   The  arsenic  plume  is  approximately  10  acres  in  areal  extent. 

The  contaminant  plumes  extend  to  the  west  and  below  Silver  Bow  Creek  and  in  a  few 
areas  extend  approximately  50  feet  below  the  land  surface.   Contamination  is  more  severe  in 
the  shallow  portions  of  the  groundwater  system.    Contaminated  groundwater  may  discharge 
to  Silver  Bow  Creek. 

Significant  soil  contamination  exists  at  Rocker.  Although  contamination  is  present 
throughout  the  site,  it  is  most  severe  in  the  northern  part  of  the  site,  in  the  vicinity  of  the 
former  treatment  plant. 

6.2  Sources  of  Hazardous  Substances 

At  Rocker  soils  and  groundwater  contaminate  each  other.    Contaminants  in 
groundwater  adhere  to  aquifer  materials.   In  turn,  contaminated  soils  are  a  source  of 
contamination  to  groundwater.   Infiltrating  precipitation  leaches  contaminants  from  soils  in 
the  unsaturated  zone  to  groundwater.   In  addition,  upgradient  groundwater  moving  through 
contaminated  site  soils  is  exposed  to  hazardous  substances.    Accordingly,  soil  contamination 
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perpetuates  the  contamination  of  groundwater  and  the  migration  of  hazardous  substances  at 
the  site. 

The  major  source  of  contamination  at  Rocker  are  those  soils  and  aquifer  materials 
associated  with  the  most  highly  contaminated  plume  of  groundwater  at  the  site.   This  plume 
of  contamination,  represented' by  the  1,000  ppb  arsenic  isopleth,  extends  over  approximately 
three  acres.    Soils  and  aquifer  materials  associated  with  this  plume  are  likely  to  be  highly 
contaminated  relative  to  other  site  soils  and  aquifer  materials. 

6.3   CERCLA  Response  Actions 

In  1989,  in  order  to  address  an  immediate  threat  posed  by  materials  with  arsenic 
concentrations  greater  than  10,000  ppm,  approximately  1,021  cubic  yards  of  arsenic- 
contaminated  soil  and  wood  chips  were  removed  from  the  site.    After  removal  of  the 
materials,  12  inches  of  clean  fill  (8,800  cubic  yards)  were  placed  over  a  four-acre  area. 

Based  on  a  review  of  the  RI/FS  literature,  an  evaluation  of  actions  implemented  or 
planned  at  other  sites  in  the  Basin,  consideration  of  ARCO's  projection  of  remedy,  and 
discussions  with  EPA  and  MDHES  personnel,  it  is  estimated  that  the  following  actions  will 
likely  be  implemented  at  Rocker: 

1)  excavation  of  soil  within  the  10,000  ppb  arsenic  plume  to  a  depth  of  five  feet 
below  the  groundwater  table  (36,000  cubic  yards); 

2)  removal  of  hot  spots  (soils  exceeding  1,000  ppm  arsenic)  over  the  remainder 
of  the  site  (3,000  cubic  yards); 

3)  mixing  the  excavated  soils  with  iron  to  immobilize  the  arsenic; 

4)  placement  of  clean  fill  and  gravel  into  the  bottom  of  the  excavation  up  to  the 
level  of  the  seasonal  high  water  table; 

5)  returning  the  treated  soils  to  the  excavation  on  top  of  the  clean  fill  and  gravel; 
and 

6)  institutional  controls  to  prohibit  the  construction  of  wells  in  or  near  the  area  of 
contamination. 

Soil  removal  within  the  10,000  ppb  arsenic  plume  targets  a  major  arsenic  source. 
The  volume  of  this  soil  is  estimated  to  be  36,000  cubic  yards.   These  soils  will  be  excavated, 
mixed  with  iron,  and  returned  to  the  excavation.    An  additional  3,000  cubic  yards  of 
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contaminated  soils  from  other  areas  of  the  site  will  be  excavated,  mixed  with  iron,  and 
disposed  of  on-site. 

6.4  Residual  Injury 

An  assessment  of  residual  injury  at  Rocker  is  difficult  due  to  the  fact  that  the 
technology  anticipated  to  be  utilized  at  Rocker  is  untested.   There  is  significant  uncertainty  as 
to  the  efficaciousness  of  such  an  approach.    If  the  iron-mixing  works  as  intended,  then  the 
response  action  will  significantly  lessen  soil  and  groundwater  contamination.   If  hazardous 
substances  do  not  migrate  from  the  treated  soils  to  groundwater  the  plume  of  contamination 
should  shrink  over  time  as  residual  contamination  in  the  aquifer  gradually  dissipates.    During 
this  period,  it  will  be  necessary  to  restrict  groundwater  use. 

At  this  time,  however,  NRDLP  does  not  believe  there  is  enough  information  to 
adequately  assess  the  efficacy  of  iron-mixing  to  immobilize  contaminants.   If  the  remedy 
does  not  work  as  intended,  arsenic  and  metals  will  be  transported  from  contaminated  soils  to 
groundwater.   Thus,  depending  on  the  relative  degree  of  effectiveness  of  the  remedy,  there 
could  be  approximately  the  same  amount  of  contaminated  groundwater  as  there  is  presently. 

6.5  Restoration  Alternatives 
6.5.1   Alternative  6A 

In  this  alternative  all  soils  (to  a  depth  of  five  feet  below  the  water  table)  within  the 
1,000  ppb  arsenic  plume  would  be  excavated  under  remedy  and  disposed  of  off-site.  The 
key  elements  of  this  alternative  are: 

1)  excavation  of  a  one  acre  area  overlying  the  arsenic  plume  between  the  10,000 
ppb  isopleth  and  the  1,000  ppb  isopleth; 

2)  disposal  of  all  contaminated  soils  at  an  off-site  repository; 

3)  backfilling  excavated  areas;  and 

4)  natural  recovery. 

Under  this  alternative  soils  that  are  excavated  and  are  to  be  subjected  to  iron-mixing 
would,  instead,  be  transported  off-site  for  disposal.    Such  an  action  would  avoid  any  risk  of 
continued  leaching  of  arsenic  and  metals  to  groundwater.    In  addition,  soils  associated  with 
the  portion  of  the  arsenic  plume  between  the  10,000  ppb  isopleth  and  the  1,000  ppb  arsenic 
isopleth  would  be  excavated  and  disposed  of  off-site. 
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This  alternative  targets  the  most  severely  contaminated  soils.   Restoration  of  resources 
and  services  to  baseline  conditions  would  occur  in  less  than  a  century.    Substantial  recovery, 
whereby  a  significant  portion  of  the  site  would  meet  drinking  water  standards,  is  estimated  to 
occur  in  approximately  20  years. 

6.5.2  Alternative  6B 

In  this  alternative  soils  that  would  be  excavated  under  remedy  would  be  disposed  of 
off-site.   The  key  elements  of  this  alternative  are: 

1)  disposal  of  contaminated  soils  at  an  off-site  repository; 

2)  backfilling  excavated  areas;  and 

3)  natural  recovery. 

Under  this  alternative  soils  that  are  excavated  and  are  to  be  subject  to  iron-mixing 
pursuant  to  the  remedy  would,  instead,  be  transported  off-site  for  disposal.   This  alternative, 
like  Alternative  6A,  avoids  the  risk  that  iron-mixing  will  not  work  as  intended  and  that 
arsenic  and  metals  will  continue  to  be  transported  to  groundwater. 

This  alternative  targets  those  soils  associated  with  the  10,000  ppb  arsenic  isopleth. 
Unlike  Alternative  6A,  soils  between  the  1,000  ppb  isopleth  and  10,000  ppb  isopleth  would 
not  be  removed.    However,  the  soils  associated  with  the  10,000  ppb  isopleth  are  expected  to 
be  a  more  significant  source  of  contamination  to  groundwater  than  soils  associated  with  the 
1,000  ppb  arsenic  isopleth.   In  addition,  the  area  of  the  10,000  ppb  isopleth  is  two-thirds  that 
of  the  1,000  ppb  isopleth.    Accordingly,  the  difference  between  Alternative  6A  and 
Alternative  6B  will  not  be  that  pronounced  in  terms  of  recovery  times.    Restoration  to 
baseline  conditions  under  Alternative  6B  is  estimated  to  take  approximately  100  years. 
Substantial  recovery  to  drinking  water  standards  is  estimated  to  occur  in  approximately  30 
years. 

6.5.3  Alternative  6C 

Under  this  alternative,  pumping  and  treating  would  address  the  potential  failure  of  the 
treated  soils  and  residual  aquifer  contamination.   The  key  elements  of  this  alternative  are: 

1)  pumping  and  treating;  and 

2)  natural  recovery. 

Pumping  and  treating  groundwater  within  the  area  of  the  1 ,000  ppb  arsenic  isopleth 
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would  remove  a  source  of  groundwater  contamination  and  would  address  residual 
groundwater  contamination.    Treatment  of  metals,  arsenic,  and  organics  would  occur  in 
sequence  since  all  of  these  contaminants  exist  on  the  site.    Twenty  wells  would  be  installed  at 
approximately  100  foot  intervals  overlying  the  1,000  ppb  contour  of  the  arsenic  plume. 

Due  to  the  fact  that  this  alternative  relies  on  an  untested  technology,  estimates  of 
recovery  times  are  made  more  difficult.   If  the  iron-mixing  works  as  intended  and  largely 
immobilizes  arsenic  and  metals,  then  substantial  recovery,  whereby  a  portion  of  the  site 
returns  to  drinking  water  standards,  would  occur  in  approximately  30  years.    Return  to 
baseline  conditions  would  take  longer  than  it  will  take  under  either  Alternatives  6A  and  6B 
because,  even  if  the  iron-mixing  works  as  intended,  some  amount  of  arsenic  will  be 
transported  to  the  groundwater.    Thus,  it  is  likely  that  low  level  contamination  will  remain. 
Pumping  and  treating  will  be  relatively  less  efficient  at  removing  low  levels  of  contaminants. 
Accordingly,  restoration  of  resources  and  services  to  baseline  will  not  occur  for  over  a 
hundred  years. 

If,  on  the  other  hand,  the  remedy  is  not  successful,  or  is  only  marginally  successful, 
in  limiting  the  transport  of  contaminants  to  groundwater,  recovery  times  will  be  increased. 
By  how  much  recovery  times  will  be  increased  depends  on  the  relative  effectiveness  of  the 
remedy,  which  as  noted  earlier,  cannot  be  predicted  with  any  level  of  confidence. 

6.5.4  Alternative  6D 

In  this  alternative,  no  further  action  is  taken  at  the  site  beyond  the  CERCLA  response 
action.   Monitoring  and  oversight  would  occur  to  evaluate  site  conditions  and  the  process  of 
natural  recovery.    In  this  alternative  there  is  no  backstop  to  the  remedy.    If  the  remedy 
works  as  intended,  substantial  recovery  would  occur  in  approximately  30  years.    Restoration 
to  baseline  conditions  would  occur  in  several  centuries.    In  the  event  the  remedy  does  not 
work  as  intended,  the  time  to  substantial  recovery  will  take  longer  than  30  years.    How  much 
longer  will  depend  on  the  extent  to  which  the  remedy  does  not  achieve  its  objectives.   The 
length  of  time  for  the  return  to  baseline  conditions  should  not  be  especially  sensitive  to  the 
success  or  failure  of  the  remedy.   This  is  because,  even  assuming  the  remedy  works  as 
intended,  concentrations  of  arsenic  and  metals  in  groundwater  will  exceed  baseline.   Thus, 
restoration  to  baseline  will  be  a  function  of  the  length  of  time  necessary  to  allow  for  the 
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migration  of  contaminants  out  of  the  system.    In  fact,  it  is  theoretically  possible  that  if  the 
remedy  works  as  intended  and  radically  slows  the  rate  of  movement  of  arsenic  and  metals 
from  soil  to  groundwater,  the  time  required  to  restore  groundwater  to  baseline  conditions 
could  take  longer  than  if  the  remedy  did  not  work  at  all. 
6.6  Evaluation  of  Alternatives 

6.6.1  Technical  Feasibility 

There  are  some  potential  differences  in  terms  of  technical  feasibility  between  the 
alternatives.    First,  Alternative  6C,  which  calls  for  pumping  and  treating,  may  be  subject  to 
problems  of  feasibility  if  the  sole  purpose  of  pumping  and  treating  is  to  restore  groundwater 
to  baseline  conditions.   Treating  contaminated  groundwater  becomes  less  and  less  effective  as 
concentrations  of  contaminants  decrease.    Thus,  it  might  take  longer  than  a  hundred  years  to 
reach  baseline.    Second,  Alternatives  6C  and  6D  may  not  be  technically  feasible  in  that  both 
rely  on  iron-mixing  to  promote  restoration  and  substantial  recovery.    As  noted  earlier,  this  is 
an  untested  technology  and  may  not  achieve  its  goals. 

6.6.2  Cost-effectiveness 

Distinctions  between  the  alternatives  cannot  be  made  solely  on  the  grounds  of  cost- 
effectiveness  because  the  alternatives  produce  different  benefits.    One  clear  benefit  of 
Alternatives  6A  and  6B  that  is  not  shared  by  Alternatives  6C  and  6D  is  that  the  former  set  of 
alternatives  does  not  rely  on  iron-mixing.   In  addition,  the  alternatives  differ  with  regard  to 
recovery  times.    Recovery  times  between  the  alternatives  are  not  so  different,  however.   For 
example,  Alternative  6A  is  estimated  to  achieve  substantial  recovery  in  20  years;  under 
Alternative  6D,  assuming  the  remedy  works  as  intended,  substantial  recovery  is  estimated  to 
take  30  years. 

6.6.3  Results  of  Response  Actions 

As  discussed,  the  response  actions  that  have  occurred  or  are  anticipated  to  occur  at 
Rocker  will  not  restore  injured  resources  and  will  leave  residual  injury.   The  restoration 
alternatives  were  designed  to  address  the  residual  injury  and  to  improve  the  condition  of 
injured  resources. 

Under  Alternatives  6A  and  6B  it  will  be  necessary  to  coordinate  with  the  expected 
remedy.    Alternatives  6C  and  6D  allow  remedy  to  go  forward.    The  operative  assumption  is 
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that  coordination  will  occur  and  the  alternatives  are  costed  out  accordingly. 

6.6.4  Potential  for  Additional  Injury 

There  is  a  potential  for  additional  injury  associated  with  the  implementation  of 
Alternatives  6C  and  6D  due  to  the  uncertainty  associated  with  effectiveness  of  the  anticipated 
remedy.    Should  the  remedy  fail  to  a  significant  extent,  contamination  at  Rocker  will 
continue  unabated.   Under  Alternatives  6A  and  6B  there  will  be  impacts  arising  from 
construction  related  activities,  the  need  to  construct  a  disposal  facility,  and  the  need  to  obtain 
borrow  material.    Impacts  will  also  arise  from  the  need  to  pump  and  treat  under  Alternative 
6c.   This  will  necessitate  shipping  the  wastes  to  a  disposal  facility.   These  sorts  of  impacts 
from  the  action  alternatives  will  be  minor,  however. 

6.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

Although  Rocker  is  a  small  site  with  only  191  acre  feet  of  contaminated  groundwater 
and  83  acre  feet  of  arsenic  contaminated  groundwater,  contaminant  concentration  levels  at 
spots  in  the  aquifer  are  high.    Natural  recovery  times  will  be  lengthy  for  such  a  small 
quantity  of  contaminated  groundwater. 

6.6.6  Human  Health  and  Safety 

There  is  virtually  no  difference  between  the  alternatives  with  regard  to  this  factor. 
Since  Alternatives  6C  and  6D  entail  no  excavation  or  construction,  these  alternatives  would 
avoid  any  risks  inherent  in  the  undertaking  of  such  activities.    These  risks,  to  the  extent  they 
exist  under  Alternatives  6A  and  6B,  will  be  minimized  by  compliance  with  all  applicable 
laws  and  regulations  governing  workplace  safety  and  by  designing  and  implementing  the 
alternatives  in  such  a  manner  as  to  ensure  that  the  public  is  protected. 

6.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  federal,  state,  or  tribal  policies  implicated  by  these  alternatives. 

6.6.8  Federal.  State,  and  Tribal  Laws 

All  alternatives  are  consistent  with  applicable  law.    Before  implementing  the 
alternatives,  the  State  would  obtain  all  necessary  permits  and  authorizations. 

6.6.9  Other  Relevant  Factors 

The  Rocker  area  could  be  subject  to  relatively  significant  development  pressures  in 
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the  coming  years.    Accordingly,  the  unavailability  of  groundwater  resources  in  the  area  is  an 
issue  of  concern. 

6.6.10  Cost-Benefit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  6A--$2.9  million;  Alternative  6B--$2.1  million; 
Alternative  6C"$13.5  million;  and  Alternative  6D-$.6  million.   Based  on  the  following 
analysis  and  the  State's  knowledge  of  the  resource,  the  State  selects  Alternative  6D. 

The  selection  of  Alternative  6D  was  based  on  two  grounds.    First,  and  foremost, 
while  significant  uncertainties  exist  regarding  the  iron-mixing  technology  anticipated  under 
response,  it  was  determined  that  since  this  was  a  small  site  the  remedy  should  go  forward. 
Utilizing  iron-mixing  promotes  the  development  of  new  remediation  technologies  and  allows 
for  on-site  disposal  of  the  contamination.   Second,  given  that  the  State  did  not  feel 
comfortable  upsetting  the  planned  response  action,  at  the  same  time  the  State  could  not 
justify  selecting  Alternative  6C.    While  this  action  would  produce  gains  to  the  resource  over 
Alternative  6D,  it  was  not  clear  that  these  gains  would  be  particularly  meaningful  and,  thus, 
the  State  could  not  justify  the  significantly  greater  costs  associated  with  this  alternative. 
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7.0       SMELTER  HILL  AREA  UPLAND  RESOURCES 

7.1       Description  of  Site  and  Injury 

The  Smelter  Hill  area  upland  habitat  resource  includes  areas  on  Smelter  Hill,  Stucky 
Ridge,  and  Mount  Haggin.   The  region  has  been  injured  due  to  releases  of  hazardous 
substances  from  mineral-processing  activities.   Enormous  volumes  of  hazardous  substances 
were  continually  released  into  the  air  by  these  operations  and  subsequently  deposited  onto  the 
land. 

The  primary  source  of  hazardous  substances  to  upland  resources  were  emissions  from 
the  Washoe  (or  Anaconda)  smelter.   Emissions  from  the  Washoe  smelter  stack  resulted  in  the 
deposition  of  hazardous  substances  across  hundreds  of  square  miles  of  surface  soils 
surrounding  and  downwind  from  the  stack.   This  has  resulted  in  injury  to  soils,  vegetation, 
wildlife  habitat,  and  wildlife. 

The  injury  determination  for  upland  resources  delineated  those  areas  displaying  gross 
(visible)  injury  attributable  to  the  deposition  of  hazardous  substances  that  were  released  as 
primary  smelter  emissions  and/or  secondary  fugitive  dust  emissions.    Grossly  injured 
resource  areas  are  defined  as  those  areas  which  exhibit  the  following: 

1)  Complete  or  virtual  elimination  of  indigenous  major  plant  associations; 

2)  Little  or  no  regeneration  of  indigenous  major  plant  associations;  and 

3)  Extensive  topsoil  exposure  and  erosion  due  to  vegetation  loss. 

Upland  areas  which  meet  the  grossly  injured  criteria  extend  across  approximately  17.8 
square  miles  (11,366  acres)  of  land.   The  grossly  injured  area  encompasses  the  eastern 
portion  of  Stucky  Ridge  and  the  hills  on  the  north  side  of  Lost  Creek  (2,409  acres),  areas  to 
the  west  and  south  of  Smelter  Hill  (4,653  acres),  and  portions  of  Mount  Haggin  east  of  the 
Mill  Creek  Highway  (4,304  acres).    Elevations  in  the  grossly  injured  area  range  from  5,300 
feet  at  Lost  Creek  to  over  7,000  feet  on  Mount  Haggin.   Out  of  the  1 1,366  acres  that  are 
grossly  injured,  2,200  acres,  or  approximately  20%  of  the  total,  are  located  on  slopes  greater 
than  40%.   Topsoil  loss  is  associated  with  much  of  this  area. 

Soils  in  the  grossly  injured  area  have  elevated  concentrations  of  hazardous  substances 
including  arsenic,  cadmium,  copper,  lead,  and  zinc.   Laboratory  tests  have  confirmed  that 
these  soils  are  phytotoxic,  which  is  consistent  with  visual  observation.    Metal  concentrations 

7-1 


are  highest  in  the  upper  two  inches  of  soil.   Elevated  metal  concentrations  on  the  soil  surface 
prevent  seed  germination,  which  explains  the  lack  of  natural  recovery  in  the  area.    Absent 
human  intervention,  concentrations  will  not  be  reduced  sufficiently  to  allow  for  revegetation 
in  a  reasonable  time  frame. 

In  the  injured  area  there  has  been  a  shift  in  plant  community  types  from 
predominantly  forests  with  open  grassland  to  predominantly  sparse  grassland  or  bare  ground. 
Absent  hazardous  substances  in  the  soil.  Smelter  Hill  and  Mount  Haggin  would  have 
vegetative  cover  consisting  of  approximately  70%  forest  and  approximately  30%  grassland; 
Stucky  Ridge  would  have  vegetative  cover  consisting  of  30%  forest  and  70%  grassland.    Of 
the  total  11,366  acres  that  exhibit  gross  injury,  6,993  acres  (62%)  would  have  been  primarily 
forest  land  and  4,373  acres  (38%)  would  have  been  primarily  grassland. 

The  elimination  of  upland  vegetation  communities  in  the  grossly  injured  area  has 
resulted  in  a  severe  reduction  in  the  quantity  and  quality  of  wildlife  habitat.   Wildlife  such  as 
birds  of  prey,  woodpeckers,  songbirds,  squirrels,  porcupine,  and  marten  have  suffered  local 
extinction  in  the  impacted  areas.    Many  other  species,  including  black  bear  and  elk,  are 
likely  to  have  suffered  population  reductions. 

7.2  Sources  of  Hazardous  Substances 

As  noted  above,  the  primary  source  of  hazardous  substances  released  to  upland 
resources  were  emissions  from  the  Washoe  smelter  stack.   Mining  and  mineral-processing 
wastes  disposed  of  directly  on  land  surfaces  in  the  Anaconda  area  are  also  sources  of 
hazardous  substances.    Aerial  deposition  has  resulted  in  widespread  soil  contamination. 
These  contaminated  soils  are  sources  of  on-going  releases  of  hazardous  substances  through 
transport  by  the  wind  and  redeposition  onto  the  land  surface  and  through  surface  runoff  into 
water  resources. 

7.3  CERCLA  Response  Actions 

Based  on  a  review  of  the  RI/FS  literature,  an  evaluation  of  actions  implemented  or 
planned  at  other  sites  in  the  Basin,  consideration  of  ARCO's  projection  of  remedy,  and 
discussions  with  EPA  and  MDHES  personnel,  it  is  estimated  that  remedial  actions  in  the 
grossly  injured  area  will  entail  grass  and  shrub  reestablishment  and  berm  construction  for 
erosion  control  across  200-400  acres  of  Smelter  Hill  and  Stucky  Ridge.   The  principal  focus 
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of  remedial  actions  will  be  at  location  of  the  former  smelter  complex.  Metal  contamination 
can  extend  to  depths  of  4  feet  in  this  area.  Accordingly,  extensive  land  disturbance  will  be 
required  in  order  to  reestablish  vegetation. 

7.4  Residual  Injury 

The  residual  injury  to  upland  resources  will  essentially  equal  the  current  condition  of 
the  resource.    Hazardous  substance  concentrations  will  remain  elevated  in  surface  soils 
resulting  in  contmuing  phytotoxicity.   Thus,  upland  soils,  vegetation,  wildlife  habitat,  and 
wildlife  will  remain  injured  in  the  17.7  square  miles  around  Smelter  Hill. 

7.5  Restoration  Alternatives 
7.5.1   Introduction 

Excluding  an  alternative  that  relies  entirely  on  natural  recovery,  four  restoration 
alternatives  have  been  developed  to  address  the  residual  injuries  to  upland  resources  in  the 
Smelter  Hill,  Stucky  Ridge,  and  Mount  Haggin  areas.    All  the  alternatives  focus  on 
eliminating  erosion  across  the  injured  area  and  revegetation  of  the  injured  area  to  provide 
cover  and  reestablish  the  vegetation  complexity  necessary  to  support  viable  populations  of 
wildlife  species  typical  of  Montana  upland  habitat  in  this  area.    Each  of  the  four  alternatives 
will,  to  a  greater  or  lesser  extent,  create  improved  conditions  for  wildlife  within  a  reasonable 
period  of  time. 

Revegetative  success  will  depend  on  a  number  of  factors.   First,  active  mixing  or 
turning  of  the  contaminated  land  surface  will  be  required  to  expose  uncontaminated  soils  and 
reduce  metal  concentrations.    Second,  land  disturbance  and  revegetation  must  occur  over  a 
large  enough  area  to  establish  a  vegetative  community  capable  of  moderating  the 
microclimate  and  providing  organic  matter  and  seeds  to  the  surrounding  area.   Third,  soils 
must  be  stabilized  and  a  build-up  of  soil  structure  promoted. 

Distinctions  between  alternatives  are  surficially  straightforward,  relying,  as  they  do, 
on  variations  in  the  percentage  of  the  total  injured  area  to  be  addressed.    However,  the 
specific  actions  to  be  undertaken  under  each  alternative  are  somewhat  more  complicated. 
Actions  must  be  targeted  to  particular  site  characteristics.    Three  basic  types  of  conditions 
were  identified  as  occurring  in  the  grossly  injured  area  that  will  require  different  treatments. 
These  are:  1)  areas  with  a  slope  of  40%  or  greater;  2)  areas  of  deciduous  shrub  vegetation; 
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and  3)  the  remaining  injured  area  comprised  of  grassland  and  bare  ground. 

A  breakdown,  by  injured  area,  of  these  site  conditions  is  as  follows: 
Stucky  Ridge:  (2,409  acres) 

40%  or  greater  slope-- 120  acres  (5%) 

deciduous  shrub— 145  acres  (6%) 

remainder-2,144  acres  (89%) 
Smelter  Hill:  (4,653  acres) 

40%  or  greater  slope-745  acres  (16%) 

deciduous  shrub~651  acres  (14%) 

remainder-3,257  acres  (70%) 
Mount  Haggin:  (4,304  acres) 

40%  or  greater  slope- 1,377  acres  (32%) 

deciduous  shrub— 818  acres  (19%) 

remainder-2,109  acres  (49%) 

As  noted,  treatments  will  vary  depending  on  site  specific  conditions.   In  areas  with 
steep  slopes,  i.e.,  greater  than  40  degrees,  it  will  be  difficult  to  reestablish  vegetation 
because  these  areas  tend  to  be  severely  eroded  and  because  earth  moving  equipment  cannot 
be  used.    Nonetheless,  revegetation  in  these  areas  is  important  because  if  left  devegetated 
erosion  will  continue  significantly  increasing  the  length  of  recovery,  and  because  ongoing 
erosion  presents  a  threat  to  revegetative  efforts  in  areas  downslope. 

In  steep  areas  hand  planting  of  trees  and  shrubs  will  be  undertaken  and  grasses  will  be 
seeded.    Revegetation  will  take  into  account  ecological  considerations.    Thus,  appropriate 
tree  and  shrub  species  will  be  utilized  depending  on  such  factors  as  aspect  and  elevation.   In 
addition,  vegetative  islands  will  be  created  to  provide  a  seed  source  and  promote  recovery  of 
the  surrounding  area. 

In  deciduous  shrub  areas  (mainly  Aspen  stands)  there  is  limited  diversity  of  species 
and  frequently  a  complete  lack  of  understory.   To  reestablish  diversity  necessary  for  viable 
wildlife  habitat,  native  species  will  be  reintroduced.    Grass  will  be  seeded  and  interspersed 
trees  and  shrubs  will  be  hand  planted  at  a  rate  per  acre  sufficient  to  reestablish  diversity. 
The  specific  species  of  grasses,  trees,  and  shrubs  to  be  planted  will  be  based  on  ecological 
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considerations. 

The  remainder  of  the  grossly  injured  area  is  characterized  as  grassland  or  bare 
ground.    While  areas  delineated  as  grassland  have  some  vegetative  cover,  the  vegetation 
tends  to  be  of  poor  quality,  consisting  largely  of  noxious  weeds.   In  fact,  within  the  areas 
characterized  as  grassland,  only  36  percent  of  the  ground  cover  is  live  vegetation;  most  of 
the  grassland  area  consists  of  bare  ground  or  a  thin  layer  of  litter  (dead  vegetation)  overlying 
bare  ground.   Despite  the  overall  poor  quality  of  areas  characterized  as  grasslands,  some 
grassland  areas-particularly  on  Mount  Haggin--will  require  less  intensive  treatment  than 
other  areas. 

Restoration  actions  will  reestablish  grasslands  and  forests  across  the  injured  area  so  as 
to  reflect  the  baseline  proportion  of  these  ecotypes.    As  a  first  step,  it  will  likely  be 
necessary  to  establish  grasses  and  forbs  before  planting  trees  and  shrubs  in  order  to  stabilize 
the  area  to  be  revegetated  and  introduce  organic  matter. 

To  reestablish  grasslands,  small  furrow-like  impressions  will  be  made  in  the  acidic, 
metals-rich  soil  to  allow  for  moisture  retention  rather  than  runoff.    Soils  that  are  turned  over 
and  lap  out  of  these  impressions  will  have  reduced  surface  contamination  and  will  expand  the 
area  available  for  planting.   Depending  on  the  spacing  between  impressions,  the  amount  of 
land  surface  that  will  be  disturbed  over  a  given  area  can  vary  but  can  reach  nearly  one 
hundred  percent.    In  general,  in  areas  on  Stucky  Ridge  and  Smelter  Hill  conditions  it  will  be 
necessary  to  disturb  much  of  the  land  surface  across  a  given  area;  however,  as  noted  above, 
intensive  land  disturbance  will  be  less  necessary  on  Mount  Haggin. 

Forest  land  revegetation  will  also  require  surface  disturbance  in  the  same  manner  as 
grassland  revegetation.    Grasses  and  shrubs  will  also  be  seeded  or  planted  in  the  forest  land 
areas  to  ensure  species  diversity  and  to  stabilize  and  protect  soil.   As  in  the  other  categories, 
revegetation  will  be  based  on  ecological  principles.    In  particular,  core  areas  or  habitat 
islands  will  be  established  to  take  advantage  of  site  conditions.   Integrating  the  islands  into 
the  landscape  would  optimize  the  amount  and  spatial  distribution  of  vegetation  types.   The 
islands  would  provide  wildlife  habitat,  serve  as  corridors  to  other  islands  and  areas  with 
existing  vegetation,  and  facilitate  recovery  of  adjacent  areas. 

As  noted,  the  alternatives  principally  differ  in  the  percentage  of  the  injured  area  over 
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which  restoration  actions  are  to  occur.    The  larger  the  area  of  vegetation  reestablished,  the 
greater  the  total  seed/propagule  source,  the  greater  the  increase  in  total  organic  matter 
production,  the  greater  volume  of  precipitation  is  captured,  the  greater  the  amount  of  erosion 
reduction,  and  the  greater  the  prospects  for  wildlife  colonization.    All  of  the  alternatives  will 
produce  these  benefits  and  promote  successional  change,  but  to  varying  degrees  and  at 
varying  rates. 

7.5.2    Alternative  7A 

In  this  alternative,  the  entire  grossly  injured  area  would  be  addressed.    The  critical 
elements  of  this  alternative  are: 

1)  revegetation  over  (10,966  acres)  of  the  grossly  injured  area  during  years  1-12; 

2)  maintain  planting  levels  by  replacing  dead  seedlings,  shrubs,  and  grasses 
during  years  2-13;  and 

3)  natural  recovery. 

Under  this  alternative,  revegetation  efforts  would  occur  over  the  three  classes  of  site 
conditions  as  described  above.   Plantings  would  be  maintained  to  ensure  survival. 
Maintenance  will  be  especially  required  in  areas  of  steep  slope  where  substantial  die-off  is  to 
be  anticipated. 

Since  this  alternative  contemplates  somewhat  less  than  one  hundred  percent  soil 
disturbance,  areas  between  plantings  will  retain  elevated  surface  concentrations  of  hazardous 
substances.   In  these  areas  limited  seed  germination  will  occur.   In  the  vast  majority  of 
cases,  seeds  that  manage  to  germinate  will  either  die  immediately  or  produce  vegetation  that 
is  stunted  and  stressed  due  to  the  phytotoxic  conditions  of  the  soil. 

Over  time,  the  revegetated  areas  would  encroach  upon  the  undisturbed,  devegetated 
areas.    A  layer  of  humus  should  develop  as  reestablished  vegetation  sheds  organic  matter. 
Invertebrates,  which  have  gradually  returned  to  the  core  areas,  will  be  recruited  to  the 
undisturbed,  devegetated  areas  when  metal  concentrations  are  reduced  and  sufficient  organic 
matter  is  available.    Invertebrates  will  mix  the  organic  litter  with  soil  from  the  surface 
containing  elevated  levels  of  metals  and  with  soil  from  below.   This  would  further  reduce 
metal  levels.    When  surface  soil  metals  concentrations  are  significantly  reduced  from  present 
levels,  seed  germination  can  occur.    In  the  end,  natural  processes  must  be  relied  on  to 
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address  remaining  contamination  and  injury. 

Because  of  the  magnitude  of  the  injury  this  process  will  be  extremely  slow. 
Restoration  of  resources  and  services  to  baseline  conditions  will  occur  in  approximately  200 
years. 

Notwithstanding  the  foregoing  discussion,  in  areas  where  the  surface  has  been 
disturbed  significant  benefits  to  the  resource  can  be  realized.   With  the  growth  of  trees, 
shrubs,  and  grasslands,  the  reestablishment  of  habitat  complexity,  and  the  availability  of 
cover  and  a  forage  base,  a  significant  portion  of  the  grossly  injured  area  would  again  be  able 
to  support  wildlife.    Given  the  present  condition  of  the  upland  resource,  the  establishment  of 
a  vegetative  community  representative  of  baseline  conditions  over  any  part  of  the  grossly 
injured  area  would  constitute  an  improvement  on  the  scale  of  many  orders  of  magnitude. 
Dramatic  improvements  would  occur  in  a  short  period  of  time--a  decade  or  two— as 
vegetation  takes  hold.   Substantial  recovery  would  be  maximized  in  approximately  50  years- 
the  length  of  time  for  vegetation  to  reach  relative  maturity.   After  the  reestablished 
vegetation  reaches  maturity,  the  rate  of  improvement  in  the  condition  of  the  uplands  would 
slow  as  restoration  becomes  a  function  of  natural  processes. 

7.5.3   Alternative  7B 

In  this  alternative  revegetation  efforts  would  occur  over  75%  of  the  grossly  injured 
area.   The  critical  elements  of  this  alternative  are: 

1)  revegetation  over  75%  (8,226  acres)  of  the  grossly  injured  area  not  addressed 
by  remedy  during  years  1-9; 

2)  maintain  planting  levels  by  replacing  dead  seedlings,  shrubs,  and  grasses 
during  years  2-10;  and 

3)  natural  recovery. 

Due  to  the  fact  that  revegetation  would  extend  across  approximately  2,700  fewer  acres 
under  this  alternative  as  compared  to  Alternative  7A,  restoration  of  resources  and  services  to 
baseline  conditions  would  take  a  few  centuries  longer  under  this  alternative  than  under 
Alternative  7A.    The  area  that  is  not  addressed  under  this  alternative  would  have  to  rely 
entirely  on  encroachment  from  the  revegetated  areas  and  natural  processes  for  recovery. 

The  time  frame  for  substantial  recovery  would  be  similar  under  this  alternative  as 
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under  Alternative  7A.    For  both  alternatives  the  determining  factor  would  be  the  rate  of 
vegetation  growth,  and  this  should  be  basically  the  same  for  both  alternatives.   Thus,  across 
75%  of  the  injured  area  substantial  recovery  would  occur  in  the  same  time  frame  and  to  the 
same  approximate  degree  as  substantial  recovery  will  occur  across  the  entire  injured  area  in 
Alternative  7A. 

7.5.4  Alternative  7C 

In  this  alternative  revegetation  efforts  would  occur  over  50%  of  the  grossly  injured 
area.    The  critical  elements  of  this  alternative  are: 

1)  revegetation  over  50%  (5,483  acres)  of  the  grossly  injured  area  not  addressed 
by  remedy  during  years  1-6; 

2)  maintain  planting  levels  by  replacing  dead  seedlings,  shrubs,  and  grasses 
during  years  2-7;  and 

3)  natural  recovery. 

In  this  alternative,  the  reduced  extent  of  the  grossly  injured  area  subject  to 
revegetation,  as  compared  to  Alternatives  7A  and  7B,  will  lengthen  the  time  for  restoration 
of  resources  and  services  to  baseline  over  the  other  alternatives.    Reliance  on  encroachment 
and  natural  processes  to  restore  5,483  acres,  which  are  not  addressed  under  this  alternative, 
will  extend  the  time  to  restoration  to  baseline  conditions  several  centuries  beyond  what  it 
would  take  under  Alternative  7A. 

The  time  frame  for  substantial  recovery  would  be  similar  under  this  alternative  as 
under  Alternatives  7A  and  7B.    For  all  three  alternatives  the  determining  factor  would  be  the 
rate  of  vegetation  growth,  and  this  should  be  basically  the  same  for  the  alternatives.   The 
extent  of  substantial  recovery  under  this  alternative  that  will  occur  across  50%  of  the  area 
will  not  be  as  great  as  will  occur  across  75%  of  the  area  in  Alternative  7B  and  100%  of  the 
area  in  Alternative  7A.    This  is  due  to  the  fact  that  in  Alternatives  7A  and  7B,  substantial 
recovery  was  enhanced  by  revegetation  efforts  across  most  or  all  of  the  injured  area.   Under 
this  alternative,  half  of  the  area  is  not  being  addressed,  and  this  will  cause  the  extent  of 
substantial  recovery  in  that  part  of  the  area  that  is  addressed  to  be  markedly  less  than  will 
occur  under  Alternatives  7A  and  7B. 
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7.5.5   Alternative  7D 

In  this  alternative  revegetation  efforts  would  occur  over  25%  of  the  grossly  injured 
area.    The  critical  elements  of  this  alternative  are: 

1)  revegetation  over  25%  (2,743  acres)  of  the  grossly  injured  area  not  addressed 
by  remedy  during  years  1-3; 

2)  maintain  planting  levels  by  replacing  dead  seedlings,  shrubs,  and  grasses 
during  years  2-4;  and 

3)  natural  recovery. 

Under  this  alternative,  8,223  acres  would  have  to  rely  on  encroachment  from 
vegetated  areas  and  natural  processes  to  return  to  baseline.    Restoration  to  baseline  conditions 
would  occur  many  centuries  beyond  the  time  projected  for  restoration  to  baseline  under 
Alternative  7A. 

Substantial  recovery  across  2,743  acres  would  occur  in  roughly  the  same  time  frame 
as  substantial  recovery  across  each  of  the  areas  to  be  revegetated  under  the  other  alternatives. 
Like  Alternative  7C,  however,  the  reduction  in  the  number  of  acres  to  be  addressed  will 
cause  the  extent  of  substantial  recovery  within  these  acres  to  be  somewhat  less  than  will 
occur  in  the  area  to  be  revegetated  under  Alternative  7C  and  much  less  than  will  occur  in  the 
areas  to  be  revegetated  under  Alternatives  7A  and  7B. 

7.5.5   Alternative  7E 

In  this  alternative  nothing  further  is  done  to  the  grossly  injured  area.    In  this  event, 
surface  soils  will  remain  contaminated  for  the  foreseeable  future,  preventing  seed 
germination  and  revegetation.    Due  to  the  persistent  nature  of  hazardous  substances, 
restoration  of  resources  and  services  to  baseline  will  be  on  the  order  of  thousands  of  years,  if 
it  occurs  at  all.    Substantial  recovery  will  take  somewhat  less  time,  but  given  the  time  frames 
involved  the  difference  between  the  two  measures  is  not  significant. 

7.6   Evaluation  of  Alternatives 
7.6.1    Technical  Feasibility 

The  alternatives  are  roughly  equivalent  in  terms  of  technical  feasibility.   As  a  general 
matter,  revegetation  can  be  accomplished  and  restoration  and  recovery  achieved  using  the 
techniques  described.    The  methods  by  which  revegetation  will  occur  under  the  alternatives 
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have  been  successfully  utilized  on  Smelter  Hill  and  at  other  sites  in  the  Western  U.S. 
impacted  by  smelter  emissions.    Revegetating  areas  with  a  greater  than  40%  slope  will  be 
difficult  due  to  the  fact  that  these  areas  are  eroded,  machinery  cannot  be  relied  on,  and 
conditions  may  be  harsh.    All  the  alternatives  propose  to  undertake  actions  on  steep-sloped 
areas  but  to  varying  degrees.    Accordingly,  the  more  revegetation  that  is  called  for  on  these 
areas,  the  more  difficult  will  be  the  implementation  of  the  alternative.   This  issue  does  not 
create  significant  differences  between  the  alternatives  with  respect  to  technical  feasibility 
because  measures  are  planned  to  protect  soil  in  the  steep  areas. 

7.6.2  Cost-effectiveness 

A  distinction  between  the  alternatives  cannot  be  made  on  cost-effectiveness  grounds 
because  the  alternatives  produce  radically  different  benefits.    First,  the  alternatives  vary 
widely  in  the  amount  of  acreage  revegetated,  ranging  from  10,966  acres  under  Alternative 
7 A  to  200  to  400  acres  under  Alternative  7E.    Second,  the  alternatives  result  in  differing 
restoration  and  recovery  times.    Under  Alternative  7A  restoration  to  baseline  will  occur  in 
200  years,  under  Alternative  7E  restoration  to  baseline  will  not  occur  for  thousands  of  years. 

7.6.3  Results  of  Response  Actions 

Response  actions  that  are  anticipated  to  occur  across  the  grossly  injured  area  will  not 
restore  injured  resources  and  will  leave  significant  residual  injury.   The  restoration 
alternatives  were  designed  to  address  the  residual  injury  and  to  improve  the  condition  of 
injured  resources. 

7.6.4  Potential  for  Additional  Injury 

The  existing  condition  of  the  grossly  injured  area  must  be  considered  in  any 
discussion  of  the  potential  for  environmental  impacts  associated  with  these  alternatives. 
Environmental  impacts  from  the  alternatives  will  be  short-term  and  minor.   To  the  extent 
impacts  occur,  these  will  be  largely  attributable  to  emissions  of  particulate  matter  as  a  result 
of  soil  disturbance. 

7.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

Without  intensive  restoration  actions,  the  grossly  injured  area  will  not  be  restored  for 
thousands  of  years.   The  action  alternatives  seek  to  shorten  this  time  frame  considerably,  and 
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at  the  same  time  produce  immediate  benefits  to  the  resource  by  revegetating  all  or  a  part  of 
the  grossly  injured  area. 

As  noted,  the  alternatives  range  widely.   Alternative  7A  revegetates  100  percent  of 
the  injured  area.    Substantial  recovery  of  the  entire  area  would  be  realized  in  a  decade  or  two 
and  maximized  in  50  years.    Restoration  to  baseline  would  not  occur  for  approximately  200 
years.    Alternative  7B  revegetates  75  percent  of  the  injured  area.    Substantial  recovery  in  the 
revegetated  area  would  be  realized  in  a  decade  or  two  and  maximized  in  50  years,  but 
restoration  to  baseline  would  take  a  few  centuries  longer  than  it  would  take  under  Alternative 
7A.    Alternative  7C  revegetates  50  percent  of  the  injured  area.    Substantial  recovery  in  the 
revegetated  area  would  be  realized  in  a  decade  or  two  and  maximized  in  50  years,  but  in  this 
alternative  the  level  of  substantial  recovery  would  be  noticeably  different  than  in  either 
Alternative  7A  or  7B  because  a  significant  portion  of  the  injured  area  is  being  left 
devegetated.    Under  Alternative  7C  restoration  to  baseline  would  occur  several  centuries  later 
than  under  Alternative  7A.    Alternative  7D  revegetates  25  percent  of  the  grossly  injured 
area.    The  time  frame  for  substantial  recovery  would  be  the  same  for  this  alternative  as  for 
the  others.    The  level  of  substantial  recovery  obtained  under  Alternative  7D  would  be 
somewhat  lower  than  would  be  obtained  under  Alternative  7C  and  much  lower  than  would  be 
obtained  under  the  other  two  alternatives.    Restoration  to  baseline  under  Alternative  7D 
would  not  occur  for  many  centuries  after  the  time  projected  for  restoration  to  baseline  under 
Alternative  7A. 

7.6.6  Human  Health  and  Safety 

There  are  no  significant  human  health  and  safety  issues  associated  with  any  of  these 
alternatives.    Alternatives  would  be  designed  and  implemented  to  ensure  both  workplace 
safety  and  public  health. 

7.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  federal,  state,  or  tribal  policies  implicated  by  these  alternatives. 

7.6.8  Federal.  State,  and  Tribal  Laws 

All  alternatives  are  consistent  with  applicable  law.   Moreover,  before  implementing 
the  alternatives,  the  State  would  obtain  all  necessary  permits  and  authorizations. 


7-11 


7.6.9  Other  Relevant  Factors 

No  other  relevant  factors  exist  to  the  State's  knowledge. 

7.6.10  Cost-Benefit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  7A--$38.0  million;  Alternative  7B--$30.0  million; 
Alternative  7C--$21.1  million;  Alternative  7D--$11.4  million;  and  Alternative  7E--$.7 
million.   Based  on  the  following  analysis  and  informed  by  the  State's  knowledge  of  the 
resource,  the  State  selects  Alternative  7A. 

The  alternatives'  costs  must  be  looked  at  in  the  context  of  all  the  relevant  factors.    In 
selecting  Alternative  7A,  the  State  considered  the  truly  remarkable  severity  of  the  injury 
along  with  the  extremely  long  recovery  periods  if  no  restoration  occurred.    The  benefits  to  be 
derived  from  the  selection  of  Alternative  7A  far  outweigh  the  cost  of  Alternative  7A. 

The  choice  here  was  between  Alternative  7A  and  7B  because  leaving  half  or  more 
than  half  of  the  injured  area  in  its  presently  devegetated  state  was  simply  unacceptable. 
Alternative  7A  was  selected  over  Alternative  7B  because  it  produced  substantial  recovery  in  a 
matter  of  a  decade  or  two  across  2,700  more  acres  than  did  Alternative  7B,  it  restored 
resources  to  baseline  a  few  centuries  earlier  than  did  Alternative  7B,  and  it  was  not  that 
much  more  costly  to  implement  than  Alternative  7B, 
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8.0   ANACONDA  AREA  RESOURCES 

8.1    Description  of  Site  and  Injury 

Disposal,  releases,  and  spills  of  solid  mining  wastes,  milling  debris,  smelting  by- 
products, and  process  fluids  occurred  over  the  last  110  years  in  the  Anaconda  area.    Mining 
and  processing  wastes  containing  hazardous  substances  have  caused  injury  to  the  area's 
groundwater  and  riparian  resources.    This  chapter  addresses  five  discrete  areas  of 
groundwater  contamination:  Old  Works,  Smelter  Hill,  Anaconda  Ponds,  Opportunity  Ponds, 
and  Warm  Springs  Ponds,  and  one  area  of  riparian  resource  injury:  Opportunity  Ponds. 

8.1.1  Old  Works 

Copper  ore  mined  in  Butte  was  processed  at  Old  Works  along  Warm  Springs  Creek 
from  1883  to  shortly  after  the  turn  of  the  century.    During  this  period,  tailings  and  slags 
were  deposited  at  and  around  the  facility.   These  wastes  contain  high  concentrations  of 
arsenic,  cadmium,  copper,  lead,  and  zinc.    Waste  disposal  has  injured  the  alluvial 
groundwater  system  around  Old  Works. 

8.1.2  Smelter  Hill 

In  1902,  the  Washoe  Works  (Anaconda  Smelter)  began  operations  on  Smelter  Hill, 
expanding  Anaconda  copper  production  exponentially.    By  the  1930s,  thousands  of  tons  of 
ore  were  processed  on  a  daily  basis,  producing  up  to  one  million  pounds  of  copper  per  day. 
Infrastructure  to  support  the  smelting  operations  included  buildings,  waste  piles  and  lagoons, 
leach  pads,  rail  lines,  and  all  manner  of  industrial  facilities  extending  across  approximately 
600  acres  of  Smelter  Hill.    In  the  course  of  operations,  large  volumes  of  hazardous 
substances  were  discharged,  disposed  of,  or  otherwise  released  to  the  environment  (airborne 
emissions  from  the  smelter  are  discussed  in  Chapter  7).    Both  historical  and  current  releases 
of  hazardous  substances  have  injured  groundwater  in  the  bedrock  aquifer  of  Smelter  Hill  with 
arsenic,  cadmium,  iron,  manganese,  zinc,  fluoride,  sulfate,  and  total  dissolved  solids  (TDS) 
at  concentrations  exceeding  drinking  water  standards.    From  Smelter  Hill,  groundwater  flows 
to  the  east  and  north  to  the  valley  alluvial  aquifer  and  then  to  the  east-northeast  toward 
Opportunity  Ponds,  eventually  discharging  to  Mill-Willow  Bypass,  Warm  Springs  Creek,  and 
the  Clark  Fork  River. 
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8.1.3  Anaconda  and  Opportunity  Ponds 

Tailings  from  the  Washoe  operation  were  deposited  in  the  700-acre  Anaconda  Ponds 
and  the  3,400-acre  Opportunity  Ponds.    During  smelter  operations,  over  3.8  million  gallons 
per  day  of  wastewater  and  tailings  slurry  were  discharged  to  Anaconda  Ponds,  and  over  30 
million  gallons  per  day  of  wastewater  and  tailings  slurry  were  discharged  to  Opportunity 
Ponds.    In  the  early  1960s,  with  the  opening  of  the  Weed  Concentrator  at  Butte  and  tailings 
disposal  at  Yankee  Doodle  Tailings  Pond  above  Berkeley  Pit,  use  of  Anaconda  and 
Opportunity  Ponds  diminished.    Disposal  at  the  Ponds  ceased  when  the  Anaconda  Smelter 
closed. 

Tailings  disposal  has  resulted  in  significant  groundwater  contamination.    For  example, 
groundwater  down-gradient  of  Opportunity  Ponds  has  elevated  concentrations  of  contaminants 
to  depths  of  at  least  70  feet  below  the  ground  surface.    At  the  present  time,  contaminant 
plumes  of  arsenic,  cadmium,  and  zinc  are  smaller  than  plumes  of  iron,  manganese,  sulfate, 
and  TDS.    The  former  set  of  plumes  are  found  beneath  the  Ponds  only,  while  the  latter  set  of 
plumes  are  found  beneath  and  extend  downgradient  of  the  Ponds  to  the  Mill-Willow  Bypass 
and  Warm  Springs  Creek. 

8.1.4  Warm  Springs  Ponds 

Prior  to  1920.  Silver  Bow  Creek  was  dammed  to  create  Warm  Springs  Ponds  1  and 
2;  Pond  3  was  built  in  the  1950s.    In  total,  the  Ponds  cover  an  area  of  approximately  four 
square  miles.    These  settling  Ponds  contain  mining  and  smelting  wastes  from  upstream 
sources  that  are  being  transported  downstream.    Seepage  from  Warm  Springs  Ponds  has 
injured  groundwater  to  at  least  40  feet  below  the  ground  surface  as  evidenced  by  exceedances 
of  drinking  water  standards  for  arsenic,  cadmium,  fluoride,  iron,  manganese,  and  sulfate. 

8.1.5  Volumes  and  Areas  of  Injured  Resources 

The  total  volume  of  injured  groundwater  in  the  Anaconda  area  is  estimated  to  be 
442,200  acre-feet  extending  over  40  square  miles.    Specifically,  alluvial  and  bedrock 
groundwater  exceeds  drinking  water  standards  for  arsenic,  cadmium,  iron,  manganese, 
mercury,  sulfate,  zinc,  fluoride,  and  TDS. 

In  addition  to  the  groundwater  injury,  the  tailings  at  Opportunity  Ponds  are 
phytotoxic.   The  absence  of  vegetation  has  resulted  in  a  concomitant  elimination  of  wildlife 
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across  the  3400-acre  Opportunity  Ponds.   Thus,  soils,  vegetation,  wildlife,  and  wildlife 
habitat  at  Opportunity  Ponds  are  injured. 

8.2   Sources  of  Hazardous  Substances 

8.2.1  Old  Works  Sources 

Approximately  one  million  cubic  yards  of  wastes  are  present  in  the  Old  Works  Area. 
Groundwater  is  exposed  to  hazardous  substances  by  infiltrating  precipitation  and  by 
movement  of  groundwater  through  contaminated  alluvial  material.    The  Old  Works  area  is 
also  a  source  of  contamination  for  surface  water  and  is  discussed  in  Chapter  9. 

8.2.2  Smelter  Hill  Sources 

Sources  of  hazardous  substances  to  Smelter  Hill  groundwater  are  contaminated  surface 
soils  and  the  underlying  contaminated  bedrock.    Surface  contamination  is  most  severe  at  the 
location  of  the  former  smelter  complex.    In  some  locations  in  this  area,  surface  soils  are 
highly  contaminated  to  a  depth  of  at  least  four  feet. 

On  Smelter  Hill,  releases  of  wastes  directly  to  the  land  surface  and,  in  particular, 
releases  of  large  volumes  of  process  water,  have  resulted  in  extensive  surface  and  sub-surface 
contamination.    As  precipitation  infiltrates  through  contaminated  surface  soils  and  the 
unsaturated  portion  of  the  bedrock  aquifer,  hazardous  substances  are  dissolved  and 
transported  to  groundwater.    Similarly,  groundwater  flowing  through  the  contaminated 
fractured  bedrock  aquifer  dissolves  hazardous  substances  adhering  to  aquifer  materials. 
Groundwater  contamination  extends  to  a  depth  of  at  least  200  feet  below  the  land  surface. 

8.2.3  Anaconda  and  Opportunity  Ponds  Sources 

The  total  volume  of  waste  materials  in  Anaconda  and  Opportunity  Ponds  is 
approximately  243  million  cubic  yards,  with  Anaconda  Ponds  containing  97  million  cubic 
yards  and  Opportunity  Ponds  containing  146  million  cubic  yards.    Hazardous  substances  are 
leached  from  these  materials  and  transported  to  groundwater.    Leaching  occurs  in  two  ways. 
First,  as  precipitation  infiltrates  through  the  tailings  contaminants  are  mobilized  off  the 
tailings  and  are  transported  to  groundwater. 

Approximately  one-third  of  the  annual  precipitation  infiltrates  through  Anaconda  and 
Opportunity  Ponds  and  eventually  reaches  the  water  table.    The  average  annual  precipitation 
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in  the  Anaconda  region  is  13.7  inches.    Consequently,  an  average  of  4.6  inches  of 
precipitation  moves  through  the  Ponds  and  contaminates  the  underlying  aquifer  each  year. 

Second,  leaching  of  metals  occurs  as  groundwater  moves  through  tailings  and/or  the 
contaminated  alluvial  aquifer.    The  large  volume  of  tailings  in  contact  with  groundwater 
facilitates  leaching.    The  water  table  is  in  contact  with  the  tailings  across  one-half  of 
Opportunity  Ponds.   At  Anaconda  Ponds,  it  appears  that  a  relatively  small  portion  of  the 
tailings  are  below  the  water  table. 

8.2.4   Warm  Springs  Ponds  Sources 

Warm  Springs  Ponds  contain  about  19  million  cubic  yards  of  tailings,  contaminated 
sediments,  and  sludges.    Pond  water  seeps  through  contaminated  Pond  berms  and  bed 
sediments  and  transports  contaminants  to  the  underlying  groundwater.    Groundwater 
generally  flows  north  from  the  Ponds,  contaminates  coarse-grained  alluvial  material,  and 
discharges  to  the  Clark  Fork  River  and  the  Mill-Willow  Bypass.    Releases  from  Warm 
Springs  Ponds  to  surface  water  are  discussed  in  Chapter  9. 

8.3   CERCLA  Response  Actions 

To  date,  a  number  of  actions  have  been  undertaken  or  are  underway  in  the  Anaconda 
area  to  reduce  or  control  releases  of  hazardous  substances. 

At  Old  Works,  250,000  cubic  yards  of  wastes  were  removed  and  disposed  of  on 
Smelter  Hill  in  a  lined  repository.    These  wastes  were  formerly  a  source  of  hazardous 
substances  to  groundwater.    The  Record  of  Decision  (ROD)  for  Old  Works  prescribed 
removal  of  waste,  capping  waste  areas,  and  revegetation.   This  work  is  underway. 

On  Smelter  Hill,  600,000  cubic  yards  of  flue  dust,  which  has  been  a  significant 
contributor  to  Smelter  Hill  groundwater  contamination,  has  been  excavated,  stabilized,  and 
disposed  of  in  an  on-site  repository.    In  addition,  approximately  150  acres  within  the  600- 
acre  industrial  area  was  covered  with  soil  and  revegetated. 

At  Warm  Springs  Ponds,  levees/dams  have  been  raised  and  strengthened,  Mill- 
Willow  Bypass  has  been  reconstructed,  and  contaminated  groundwater  is  being  intercepted 
downgradient  of  Pond  1  to  reduce  releases  of  hazardous  substances  to  the  Clark  Fork  River. 
Pond  1  is  being  wet  and  dry-closed,  meaning  that  exposed  tailings  will  be  covered  with  water 
or  soil.    Although  EPA  has  stated  that  it  expects  its  selected  remedies  at  Warm  Springs 
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Ponds  to  be  permanent,  EPA  will  make  a  final  decision  on  the  fate  of  the  Ponds  after 
upstream  cleanup. 

Remedial  Investigation/Feasibility  Studies  (RI/FS)  for  the  Anaconda  area  are 
underway.    With  the  exception  of  Warm  Springs  Ponds,  a  ROD  for  the  remaining  parts  of 
the  Anaconda  area  is  anticipated  in  1996.    Based  on  a  review  of  the  RI/FS  literature,  an 
evaluation  of  actions  implemented  or  planned  at  other  sites  in  the  Basin,  consideration  of 
ARCO's  projection  of  remedy,  and  discussions  with  EPA  and  MDHES  personnel,  it  is 
estimated  that  the  following  actions  will  be  implemented  in  the  Anaconda  area: 

1)  implementation  of  institutional  controls  to  prohibit  the  use  of  groundwater  in 
contaminated  areas  and  to  prohibit  access  to  Opportunity  and  Anaconda  Ponds; 

2)  placement  of  crushed  limestone  over  Opportunity  and  Anaconda  Ponds  for 
erosion  control; 

3)  revegetation  of  an  additional  200  acres  within  the  industrial  area  on  Smelter 
Hill. 

8.4   Residual  Injury 

Response  actions  in  the  Anaconda  area  will  not  restore  resources  and  services  to 
baseline  conditions,  nor  are  they  intended  to.    Actions  at  Old  Works  are  addressing 
groundwater  injury  by  removing  and  isolating  contaminated  materials  and  by  decreasing 
infiltration  of  precipitation  through  contaminated  soils  and  waste  materials.    This  will 
significantly  reduce  contaminant  loadings  to  the  aquifer. 

On  Smelter  Hill,  response  actions  are  expected  to  address  the  most  highly 
contaminated  areas.    While  this  action  will  reduce  contaminant  loadings  to  groundwater,  the 
degree  of  reduction  is  unknown.    It  is  possible,  even  likely,  that  metal  contamination  in  the 
saturated  zone  of  the  bedrock  is  so  extensive  that  addressing  surface  sources  of  contamination 
will  not  significantly  reduce  contaminant  groundwater  concentrations. 

The  extent  of  groundwater  injury  at  Opportunity  Ponds  and  Anaconda  Ponds  will  not 
decrease  as  a  result  of  response  actions.    In  addition,  injury  to  soils,  vegetation,  wildlife 
habitat,  and  wildlife  at  Opportunity  Ponds  will  go  unmitigated. 

At  Warm  Springs  Ponds,  wet  and  dry-closure  at  Pond  1  is  expected  to  reduce 
contaminant  loadings  to  groundwater.    The  extent  and  severity  of  groundwater  injury  caused 
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by  sources  of  contamination  in  Ponds  2  and  3  will  not  decrease  as  a  result  of  response 
actions.    However,  the  discharge  of  contaminated  groundwater  to  the  Clark  Fork  River  will 
cease. 

8.5  Restoration  Alternatives 
8.5.1   Introduction 

The  following  alternatives  do  not  include  removal  of  waste  sources  at  Old  Works, 
Smelter  Hill,  Anaconda  Ponds,  Opportunity  Ponds,  or  Warm  Springs  Ponds,  Removal 
actions  were  considered  but  were  rejected  for  further  analysis  because  of  issues  related  to  the 
volumes  and  characteristics  of  the  materials  involved.   Furthermore,  as  discussed,  response 
actions  at  Old  Works,  Smelter  Hill,  and  Warm  Springs  Ponds  are  expected  to  mitigate 
groundwater  injury,  however  slightly. 

Pumping  and  treating  contaminated  groundwater  at  various  locations  in  the  area  was 
also  considered  but  rejected  for  further  analysis  because  of  the  volume  of  contaminated 
groundwater  and  the  extent  of  contamination.    In  particular,  consideration  was  afforded  to 
establishing  a  line  of  wells  at  the  toe  of  Opportunity  Ponds  in  order  to  prevent  further 
migration  of  the  manganese,  iron,  sulfate,  and  TDS  plumes.    However,  this  would  require 
pumping  and  treating  very  large  volumes  of  groundwater  indefinitely.   Consideration  was 
also  afforded  to  pumping  and  treating  the  arsenic,  cadmium,  and  zinc  plumes  beneath  the 
Ponds.   However,  this  would  also  necessitate  pumping  and  treating  indefinitely,  and  since  it 
would  not  directly  address  the  source  of  contamination,  would  not  substantially  decrease  the 
time  to  recovery. 

Alternatives  displayed  here  seek  to  mitigate  additional  future  groundwater  injury  at 
one  or  both  of  the  Ponds  and  provide  wildlife  habitat  at  Opportunity  Ponds.   Reduction  of 
metal  loadings  to  groundwater  and  the  creation  of  limited  wildlife  habitat  can  be  achieved  by 
grading,  capping,  and  revegetating  the  Ponds.    Capping  the  tailings  will  reduce  contaminant 
loadings  to  groundwater  by  infiltration  and  provide  a  medium  to  support  vegetation. 

Oxidation  of  pyrite  (a  mineral  contained  in  mine  tailings)  produces  acid  mine 
drainage,  which  leaches  contaminants  from  the  wastes.   The  rate  of  oxidation  of  pyrite  is 
strongly  dependant  on  the  amount  of  oxygen  the  pyrite  is  exposed  to.    A  cap  would  decrease 
the  amount  of  available  oxygen  in  the  tailings  and  underlying  aquifer  by  decreasing  diffusion 
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of  oxygen  through  the  tailings  and  decreasing  the  amount  of  infiltrating  water  containing 
dissolved  oxygen.    In  the  oxidation  of  pyrite,  8  mg/1  of  oxygen  produces  approximately  12 
mg/1  of  sulfate  or  sulfuric  acid.    Consequently,  if  the  amount  of  dissolved  oxygen  is 
decreased,  the  amount  of  sulfuric  acid  produced  will  decrease  commensurately,  and 
concentrations  of  hazardous  substances  in  groundwater  will  decrease. 

With  a  cap,  over  time  the  tailings  will  oxidize  more  slowly,  less  acid  mine  drainage 
will  be  produced,  and  lower  concentrations  of  contaminants  will  be  present.    Thus,  a 
decrease  in  the  percentage  of  infiltrating  groundwater  through  the  Ponds  will  result  in  a 
direct,  and  substantial,  decrease  in  the  concentrations  of  contaminants  in  groundwater  below 
the  Ponds. 

A  cap  may  also  reduce  the  level  of  the  water  table  at  the  Ponds  and  the  degree  to 
which  the  water  table  fluctuates  on  a  seasonal  basis.    Reducing  the  amount  of  tailings  in 
contact  with  groundwater  will  result  in  a  concomitant  decrease  in  metal  loadings  to 
groundwater. 

Finally,  as  noted  above,  contaminated  groundwater  is  presently  discharging  to  Warm 
Springs  Creek  and  the  Clark  Fork  River.    With  a  cap,  particulariy  a  cap  at  Opportunity 
Ponds,  as  the  contaminant  plumes  move  downgradient  toward  the  Creek  and  the  River,  the 
concentrations  of  contaminants  in  groundwater  discharging  to  these  surface  water  bodies  will 
be  substantially  less  than  they  would  be  without  the  presence  of  the  cap. 

Erosion,  root  action,  or  deterioration  of  the  cap  materials  may  render  the  metals  in 
the  tailings  accessible  to  the  vegetation,  causing  vegetative  die-off,  and  a  reversion  of  all  or 
part  of  the  Ponds  to  their  present  state.    Thus,  a  cap  will  require  long-term  maintenance. 

As  discussed  in  Section  1.2.2,  restoration  actions  will  be  coordinated  to  the  maximum 
possible  extent  with  CERCLA  response  actions.   It  is  estimated  that  remedy  will  entail  the 
placement  of  crushed  limestone  on  the  Ponds.    Issues,  to  the  extent  any  exist,  concerning  the 
integration  of  this  remedy  with  restoration  actions  will  be  addressed  as  part  of  a  coordinated 
approach  between  restoration  and  response  authorities. 

8.5.2    Alternative  8A 

By  capping  and  revegetating  Opportunity  and  Anaconda  Ponds,  this  alternative  seeks 
to  reduce  contaminant  loadings  to  groundwater  and  restore  wildlife  habitat.    Under  this 
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alternative,  precipitation  infiltration  is  reduced  as  much  as  possible.    The  key  elements  of  this 
alternative  include: 

1)  Grading  Opportunity  and  Anaconda  Ponds; 

2)  Constructing  a  multilayer  cap,  that  includes  a  low  permeability  layer,  for 
Opportunity  and  Anaconda  Ponds; 

3)  Creation  of  lakes  and  wetlands; 

4)  Revegetating  Opportunity  Ponds  with  native  grasses  and  small  shrubs; 

5)  Revegetating  Anaconda  Ponds  to  ensure  a  viable  vegetative  cover  and  prevent 
erosion;  and 

6)  natural  recovery. 

The  ponds  would  be  regraded  to  facilitate  drainage  and  construction  of  a  cap.   After 
grading,  a  45-inch  thick  multilayer  cap  would  be  constructed.    The  upper  six  inches  of 
tailings  would  be  mixed  with  three  to  five  percent  of  bentonite  clay  to  form  a  low 
permeability  layer.   Three  inches  of  crushed  limestone  would  be  placed  over  the 
tailings/bentonite  layer,  and  12  inches  of  slag  would  be  placed  over  the  crushed  limestone  to 
serve  as  a  capillary  fringe  and  prevent  metals  from  wicking  up  from  the  surface  of  the  ponds 
to  the  upper  layers  of  the  cap.    Overlying  the  slag  will  be  a  12-inch  layer  of  unconsolidated 
fill  covered  by  a  12-inch  layer  of  growth  media.    In  those  areas  of  the  Ponds  that  are  soft- 
estimated  at  50  percent  of  the  surface  of  the  Ponds-a  geogrid  (a  material  resembling  a  heavy 
gage  plastic  fish  net)  would  be  laid  down  prior  to  placing  the  crushed  limestone. 

This  cap  would  virtually  eliminate  the  infiltration  of  precipitation  into  the  tailings. 
About  one  percent  of  the  annual  precipitation  would  infiltrate  through  the  cap,  constituting  a 
reduction  in  infiltration  of  97  percent  over  existing  conditions. 

There  is  ample  material  for  cap  construction  in  the  area  surrounding  Opportunity 
Ponds.    Material  for  the  12-inch  thick  fill  and  12-inch  thick  growth  media  layers  would  be 
obtained  from  a  series  of  borrow  pits  around  the  perimeter  of  Opportunity  Ponds.   This  will 
minimize  haul  distances,  and  hence  control  cost.    The  borrow  areas  would  be  excavated  in  a 
manner  to  facilitate  reclamation  of  the  pits  into  lakes  and  wetlands.    If  the  average  depth  of 
the  borrow  pits  was  25  feet  below  existing  ground  surface,  approximately  340  acres  would 
be  necessary  to  construct  the  cap. 
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Following  construction  of  the  cap,  the  Ponds  will  be  revegetated.    Since  Opportunity 
Ponds  has  been  determined  to  be  injured  in  terms  of  soil,  vegetation,  wildlife,  and  wildlife 
habitat,  it  will  be  revegetated  with  native  grasses  and  shrubs  to  promote  recovery  of  these 
resource  values  and  services.    Revegetation  at  Anaconda  Ponds,  which  was  not  determined  to 
be  so  injured,  will  occur  solely  for  the  purpose  of  ensuring  that  the  cap  works  as  intended. 

Restoration  actions  under  this  alternative  will  not  restore  resources  and  services  to 
baseline  in  a  reasonable  time  frame.    Restoration  to  baseline  conditions  will  occur  when  the 
metals  in  primary  sources  (tailings)  and  secondary  sources  (aquifer  materials)  have  been 
transported  out  of  the  system.    It  is  estimated  this  will  take  thousands  or  tens  of  thousands  of 
years. 

However,  Alternative  8A  will  provide  substantial  benefits  even  if  the  alternative  does 
not  accelerate  the  time  frame  for  restoration  to  baseline.    Grading  and  revegetating  the  Ponds 
would  reduce  contaminant  loadings  to  groundwater  as  infiltration  decreases.    Thus,  while 
groundwater  would  remain  contaminated,  concentration  levels  may  be  significantly  lower 
than  at  present,  and  the  components  of  this  alternative  will  probably  halt  the  spread  of 
contamination. 

In  addition,  given  the  existing  condition  of  Opportunity  Ponds,  the  establishment  of  a 
viable  vegetative  community  would  represent  a  substantial  recovery  of  riparian  resources. 
While  revegetation  of  Opportunity  Ponds  would  not  represent  baseline  conditions  and  would 
not  advance  natural  recovery,  it  would  provide  wildlife  habitat  where  there  is  presently  none. 
Substantial  recovery  would  occur  in  the  time  it  takes  to  reestablish  vegetation,  or 
approximately  ten  years. 

8.5.3    Alternative  8B 

This  alternative  is  identical  to  Alternative  8A  except  that  the  low  permeability 
tailings/bentonite  layer  would  not  be  included  in  the  multilayer  cap.    The  key  elements  of 
this  alternative  include: 

1)  Grading  the  Ponds; 

2)  Constructing  a  multilayer  cap  for  the  Ponds; 

3)  Creation  of  lakes  and  wetlands; 

4)  Revegetating  Opportunity  Ponds  with  native  grasses  and  small  shrubs; 
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5)  Revegetating  Anaconda  Ponds  to  ensure  a  viable  vegetative  cover  and  prevent 
erosion;  and 

6)  natural  recovery 

The  elimination  of  the  six-inch  low  permeability  layer  will  result  in  an  increase  in 
infiltration  over  Alternative  8A.    However,  the  increase  is  expected  to  be  small.    The  cap 
proposed  under  Alternative  8B  will  reduce  infiltration  to  groundwater  to  an  average  of 
approximately  5  percent  of  the  annual  average  precipitation.    Consequently,  this  alternative 
results  in  an  85  percent  reduction  in  infiltration  over  existing  conditions. 

With  more  infiltration  under  this  alternative  than  would  occur  under  Alternative  8A,  it 
is  possible  that  more  tailings  would  remain  in  contact  with  groundwater  than  would  be  the 
case  under  Alternative  8A.   This,  too,  will  cause  an  increase  in  contaminant  concentrations 
over  Alternative  8A. 

Under  this  alternative,  it  will  take  thousands  or  tens  of  thousands  of  years  to  restore 
resources  and  services  to  baseline.    However,  as  is  the  case  with  Alternative  8A,  decreasing 
the  rate  of  infiltration  will  reduce  contaminant  concentrations  from  existing  conditions.    As 
noted,  not  incorporating  bentonite  into  the  cap  will  cause  slightly  higher  contaminant 
concentrations  than  will  exist  under  Alternative  8A.    Restoration  of  wildlife  habitat  will  occur 
to  the  same  extent  and  in  the  same  time  frame  as  under  Alternative  8A. 

8.5.4   Alternative  8C 

Under  this  alternative  Opportunity  Ponds  would  be  capped  and  revegetated  but  not 
Anaconda  Ponds.   The  key  elements  of  this  alternative  include: 

1)  grading  Opportunity  and  Anaconda  Ponds; 

2)  constructing  a  multilayer  cap  for  Opportunity  Ponds; 

3)  revegetating  Opportunity  Ponds  with  native  grasses  and  small  shrubs; 

4)  directing  runoff  from  Anaconda  Ponds  to  a  lined  storage  pond; 

5)  constructing  a  treatment  plant;  and 

6)  natural  recovery. 

In  this  alternative  Anaconda  Ponds  would  not  be  capped.    Instead,  Anaconda  Ponds 
would  be  graded  and  surface  runoff  would  be  collected  and  channeled  to  a  34-acre  lined 
storage  pond.    A  small  treatment  plant  would  be  constructed  to  treat  the  contaminated  runoff. 
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All  Other  elements  of  this  alternative  are  identical  to  Alternative  8B. 

Based  on  the  assumption  that  grading  will  reduce  infiltration  to  groundwater  to  an 
average  of  50%  percent  of  the  annual  average  precipitation  infiltration,  this  alternative  would 
reduce  infiltration  of  precipitation  to  groundwater  at  Anaconda  and  Opportunity  Ponds  by 
approximately  79%  from  existing  conditions.   The  runoff  from  Anaconda  Ponds  would  be 
contaminated  and  would  require  treatment  indefinitely. 

Under  this  alternative  contaminant  loadings  to  groundwater  beneath  Anaconda  Ponds 
would  be  somewhat  reduced  from  present  levels  because  of  improvements  to  surface 
drainage.    Contaminant  concentration  levels  in  groundwater  below  Anaconda  Ponds, 
however,  would  remain  elevated  for  the  foreseeable  future  and  contaminant  plumes  would 
continue  to  increase  in  size.    Like  Alternatives  8A  and  8B,  this  alternative  would  produce 
substantial  benefits  to  Opportunity  Ponds.    Contaminant  loadings  to  groundwater  below 
Opportunity  would  decrease  and  revegetation  would  provide  benefits  to  wildlife.    Under  this 
alternative,  it  will  take  thousands  or  tens  of  thousands  of  years  to  restore  resources  and 
ser\'ices  to  baseline. 

8.5.5   Alternative  8D 

In  this  alternative,  neither  Opportunity  Ponds  nor  Anaconda  Ponds  would  be  capped 
and  revegetated.    The  key  elements  of  this  alternative  include: 

1)  grading  Opportunity  and  Anaconda  Ponds; 

2)  directing  runoff  from  Opportunity  and  Anaconda  Ponds  to  a  lined  storage 
pond(s); 

3)  constructing  a  treatment  plant;  and 

4)  natural  recovery. 

In  this  alternative,  the  benefits  of  covering  and  revegetating  the  Ponds  to  reduce 
contaminant  loadings  would  not  be  realized.    However,  grading  and  collecting  surface  runoff 
will  lessen  infiltration  through  the  Ponds  by  approximately  50%.    A  lined  storage  pond  (or 
ponds),  with  a  capacity  of  216  acre-feet,  would  be  constructed.    A  treatment  plant  (or  plants) 
sized  to  handle  1.2  million  gallons  per  day  would  be  required  to  treat  the  contaminated 
runoff.    This  plant  (or  plants)  would  have  to  operate  indefinitely. 

Under  this  alternative,  contaminant  loadings  to  groundwater  would  decrease  slightly 
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from  present  conditions  as  a  result  of  grading  the  Ponds  and  directing  runoff  away  from  the 
Ponds.    Injuries  to  wildlife  and  wildlife  habitat  would  not  be  mitigated.    It  will  take 
thousands  or  tens  of  thousands  of  years  to  restore  resources  and  services  to  baseline. 

8.5.6   Alternative  8E 

Under  this  alternative,  no  further  action  is  taken  at  the  site  beyond  the  CERCLA 
response  action.    It  is  estimated  that  restoration  of  resources  and  services  to  baseline  may 
occur  in  thousands  or  tens  of  thousands  of  years  when  all  the  metals  have  migrated  out  of  the 
area. 

8.6   Evaluation  of  Alternatives 
8.6.1    Technical  Feasibility 

Alternatives  that  employ  a  cap  must  be  considered  separately  from  alternatives  that  do 
not  in  the  evaluation  of  this  factor.    Alternatives  8D  and  8E,  since  they  do  not  employ  a  cap, 
are  technically  feasible  and  are  equivalent  in  terms  of  this  factor.    Alternatives  8B  and  8C 
propose  the  same  kind  of  cap.    Thus,  they  are  equivalent  in  terms  of  technical  feasibility. 
Alternative  8A  proposes  a  cap  with  a  low-permeability  layer.    Thus,  it  must  be  considered 
separately  from  Alternatives  8B  and  8C. 

Alternative  8E,  natural  recovery,  proposes  doing  nothing  beyond  remedy  at 
Opportunity  and  Anaconda  Ponds.    It  strains  credulity  to  state  that  such  an  alternative 
employs  well-known  technologies  that  have  a  reasonable  chance  of  successful  completion  in 
an  acceptable  period  of  time,  when  that  alternative  will  do  nothing  to  improve  the  condition 
of  the  resource  and  will  result  in  restoration  to  baseline  in  tens  of  thousands  of  years,  or 
basically  the  next  ice  age.    But,  given  the  massive  scale  at  this  site,  the  intractable  nature  of 
the  problem,  the  seeming  lack  of  solutions  with  the  exception  of  excavating  the  entire  volume 
of  tailings  in  the  Ponds,  and  the  inability  to  accelerate  recovery  times  under  any  alternative, 
Alternative  8E  is  as  technically  feasible  as  any  other. 

Alternative  8D,  which  calls  for  grading  the  Ponds  and  the  construction  of  a  treatment 
plant  is  technically  feasible.    Grading  the  Ponds  will  reduce  infiltration.    A  treatment  plant 
can  be  constructed.    Accordingly,  the  elements  of  this  alternative  can  be  performed  and  will 
accomplish  their  intended  purpose. 

Alternatives  8B  and  8C  propose  a  cap  over  both  (Alternative  8B),  or  one  of 
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(Alternative  8C),  the  Ponds.   The  cap  proposed  under  these  alternatives  would  not  have  a 
low-permeability  layer,  like  the  cap  proposed  under  Alternative  8A.    While  caps  have  been 
utilized  at  tailings  ponds,  their  use  is  relatively  recent.    Thus,  there  is  uncertainty  over  their 
long-term  viability.   The  concern  is  that  over  time  metals  from  the  surface  of  the  Ponds  will 
wick  up  into  the  root  zone  of  the  cap  and  cause  vegetative  die-off.   Another  concern  is  that 
the  cap  materials  will  be  eroded  or  will  lose  their  integrity  over  time.    A  final  concern  is 
that,  to  NRDLP's  knowledge,  such  a  cap  has  never  been  utilized  on  tailings  ponds  the  size  of 
Opportunity  Ponds  and  Anaconda  Ponds.    In  any  event,  a  cap  would  need  to  be  maintained 
basically  forever. 

Furthermore,  it  is  not  clear  if  a  cap  would  be  successful  in  achieving  its  objectives 
due  to  the  inherent  uncertainties  regarding  the  benefits  to  be  achieved  by  capping.    In  other 
words,  the  extent  of  reduction  in  contaminant  concentrations  simply  cannot  be  determined  so 
it  is  not  clear  what  a  cap  would  mean  for  the  resource. 

The  concerns  expressed  in  the  preceding  paragraphs  also  apply  to  Alternative  8 A. 
Inclusion  of  the  low-permeability  layer  provides  greater  assurance  that  metals  will  not  reach 
the  root  zone  through  wicking.    However,  given  the  uncertainties  involved,  it  cannot  be 
claimed  that  Alternative  8 A  is  more  technically  feasible  than  either  Alternative  8B  or  8C. 

8.6.2   Cost-effectiveness 

On  the  one  hand,  the  alternatives  do  not  provide  a  similar  level  of  benefits,  which 
precludes  drawing  distinctions  between  the  alternatives  solely  on  cost-effectiveness  grounds. 
The  alternatives  vary  widely  in  the  amount  of  precipitation  that  would  infiltrate  to 
groundwater.   Reducing  infiltration  will  reduce  contaminant  concentrations  in  groundwater 
and  improve  the  condition  of  the  resource. 

On  the  other  hand,  however,  the  alternatives  could  be  viewed  as  achieving  quite 
similar  benefits.    Notwithstanding  a  reduction  of  infiltration  rates  proposed  by  the 
alternatives,  groundwater  resources  are  expected  to  remain  injured.    Restoration  to  baseline 
would  take  equally  long  under  all  of  the  alternatives.    Additionally,  at  present,  there  appears 
to  be  no  way  to  quantify  the  benefits  to  the  groundwater  resource  from  a  reduction  in 
infiltration. 

In  other  contexts,  the  alternatives  do  produce  differing  levels  of  benefits.   Thus, 
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alternatives  that  propose  to  cap  Opportunity  Ponds  produce  different  benefits  than  alternatives 
that  do  not  propose  to  cap  Opportunity  Ponds.   Capping  Opportunity  Ponds  will  produce 
some  measure  of  wildlife  habitat  where  there  is  presently  none.    Under  the  capping 
alternatives,  wetlands  will  be  created  and  this  will  also  benefit  wildlife  values. 

Finally,  alternatives  that  propose  to  cap  either  or  both  Ponds  will  lessen  wind  erosion 
off  the  surface  of  the  Ponds.    The  Ponds  have  been  identified  as  a  potential  source  of. 
hazardous  substances  to  injured  upland  terrestrial  resources. 

8.6.3  Results  of  Response  Actions 

Response  actions  will  not  restore  injured  resources  and  will  leave  significant  residual 
injury.   The  restoration  alternatives  were  designed  to  address  the  residual  injury  and  to 
improve  the  condition  of  injured  resources.    The  groundwater  injury  in  the  Anaconda  area  is 
truly  massive.   Over  400,000  acre-feet  of  groundwater,  extending  over  40  square  miles,  has 
been  injured.    Approximately  5  square  miles  of  wildlife  habitat  has  been  lost.    These  injuries 
will  remain  following  remedy. 

Under  all  the  action  alternatives  it  will  be  necessary  to  coordinate  with  remedy 
regarding  the  application  of  the  three-inch  limestone  layer  projected  to  occur  under  remedy. 
The  alternatives  assume  such  coordination  will  occur. 

8.6.4  Potential  for  Additional  Injury  » 

At  the  present  time,  it  appears  that  all  the  action  alternatives  are  basically  equivalent 
with  regard  to  this  factor.    Alternatives  8C  and  8D  will  require  the  construction  of  a 
treatment  plant,  which  will  result  in  minor  environmental  impacts.    Construction  across  the 
surface  of  the  Ponds  will  cause  emissions  of  particulates  under  all  the  action  alternatives. 
Borrow  areas  will  be  converted  to  wetlands,  which  will  produce  benefits  to  riparian  resources 
and  waterfowl,  at  the  expense  of  other  resources. 

Alternative  8E  may  result  in  a  significant  impact  far  into  the  future.   It  has  been 
posited  that  in  thousands  of  years  oxidation  of  all  the  tailings  in  Anaconda  and  Opportunity 
Ponds  will  occur,  at  which  time  there  could  be  a  flush  (occurring  over  an  extended  period  of 
time)  of  contaminants  out  of  the  tailings  to  groundwater.    This  could  result  in  plumes  of 
contamination  expanding  significantly.   In  such  an  event,  for  example,  the  plume  of  arsenic 
at  Opportunity  Ponds  could  extend  to  the  Clark  Fork  River. 
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A  massive  release  of  contaminants  is  a  risk  under  all  the  action  alternatives.    But, 
because  the  action  alternatives  reduce  infiltration,  the  risk  of  such  an  occurrence  may  be  less 
under  these  alternatives  than  the  risk  associated  with  Alternative  8E.    The  degree  to  which 
this  risk  is  reduced  is  uncertain;  presumably  the  greater  the  level  of  infiltration  reduction,  the 
longer  it  will  take  the  Ponds  to  oxidize,  the  more  metals  will  be  released  over  the  period  of 
time  until  oxidation,  and  the  lower  contaminant  concentrations  would  be  if  this  flush  of 
contaminants  were  to  occur. 

Not  capping  the  Ponds  will  allow  for  continued  wind  erosion  off  their  surface.    This 
will  cause  harm  to  other  resources,  but  impacts  are  probably  not  significant.    Lastly,  a 
decision  to  leave  sediments  in  Warm  Springs  Ponds  creates  the  potential  for  a  release  from 
the  Ponds.    If  such  a  release  were  to  occur  it  would  significantly  impact  downstream 
resources.    Strengthening  the  berms  at  Warm  Springs  Ponds  makes  the  probability  of  such  an 
event  extremely  low. 

8.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

Restoration  to  baseline  for  the  groundwater  resource  will  take  tens  of  thousands  of 
years  under  all  the  alternatives.    Similarly,  wildlife  habitat  restoration  will  take  thousands  of 
years.    Furthermore,  and  as  noted  above,  it  is  difficult  to  assess  the  relative  benefits  to 
groundwater  from  the  implementation  of  the  alternatives.    Capping  Opportunity  Ponds 
would,  however,  result  in  some  measure  of  wildlife  habitat  recovery  in  a  relatively  short 
period  of  time.    Finally,  benefits  from  a  cap  may  be  transitory. 

8.6.6  Human  Health  and  Safety 

There  is  virtually  no  identifiable  difference  between  the  alternatives  with  regard  to 
this  factor.    Hazardous  substances  reside  in  and  on  the  Ponds.   Thus,  appropriate  and 
applicable  requirements  for  the  handling  of  such  materials  would  be  complied  with. 
Workplace  safety  would  be  ensured  and  the  alternatives  designed  and  implemented  so  that  the 
public  safety  would  be  protected. 

As  noted,  capping  would  eliminate  wind  erosion  of  hazardous  substances  off  the 
surface  of  the  Ponds.   To  some  extent,  wind  erosion  will  be  addressed  under  remedy  but  the 
limestone  layer  will  simply  not  be  as  effective  as  a  full  cap  would  be.    In  addition,  it  is  not 
clear  how  the  limestone  layer  will  be  maintained  in  perpetuity.    There  is  the  potential  for 
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health  impacts  from  wind  erosion  of  hazardous  substances.    Health  effects  have  not  been 
identified.   Any  action  that  disturbs  the  surface  of  the  Ponds,  as  is  proposed  under  any  of  the 
action  alternatives,  will  create  the  potential  for  short-term  public  health  impacts.    The 
difference  between  the  action  alternatives  and  the  natural  recovery  alternative  is  that  under 
the  latter  alternative,  the  potential  risk  will  always  exist. 

8.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  federal,  state,  or  tribal  policies  implicated  by  these  alternatives. 

8.6.8  Federal.  State,  and  Tribal  Laws 

All  alternatives  are  consistent  with  applicable  law.   Moreover,  before  implementing 
the  alternatives,  the  State  would  obtain  all  necessary  permits  and  authorizations. 

8.6.9  Other  Relevant  Factors 

All  relevant  factors  identified  at  this  time  have  been  identified  in  the  foregoing 
discussion. 

8.6.10  Cost-Benefit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  8A--$437.8  million;  Alternative  8B--$213.2  million; 
Alternative  3C--$188.4  million;  Alternative  8D--$71.8  million;  and  Alternative  8E--$1.8 
million.   Based  on  the  following  analysis  and  informed  by  the  previous  discussion  and  the 
State's  knowledge  of  the  resource,  the  State  selects  Alternative  8E. 

In  the  final  analysis,  two  issues  were  dispositive.    First,  and  with  regard  to  the 
alternatives'  aim  to  reduce  infiltration,  the  benefits  of  such  a  reduction  in  infiltration  to 
groundwater  simply  could  not  be  identified  at  this  time.   Thus,  while  it  was  understood  that 
the  alternatives  would,  in  varying  degrees,  reduce  infiltration,  the  State  was  unable  to 
determine  what  this  would  mean  for  contaminant  concentrations  in  groundwater,  or  what  this 
would  mean  for  the  massive  release  scenario  presented  above. 

Second,  given  the  State's  inability  to  fully  assess  the  benefits  to  groundwater  from  any 
of  the  action  alternatives,  it  was  deemed  inappropriate  to  require  the  expenditure  of  hundreds 
of  millions  of  dollars.    Nor  could  such  an  expenditure  be  justified  looking  solely  at  the 
recovery  of  some  measure  of  wildlife  habitat  across  Opportunity  Ponds. 
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9.0  CLARK  FORK  RTVER  AQUATIC  AND  RIPARIAN  RESOURCES 

9.1  Description  of  Site  and  Iniurv 

Aquatic  and  ripanan  resources  of  the  Clark  Fork  River  from  Warm  Springs  to 
Milltown  Reservoir  have  been  injured  by  the  hazardous  substances  arsenic,  cadmium, 
copper,  lead,  and  zinc  released  from  mining  and  mineral-processing  operations  in  the  Butte 
and  Anaconda  areas.   This  reach  of  the  river  is  a  unit  of  the  Milltown  Reservoir/Clark  Fork 
River  NPL  Site. 

The  headwaters  of  the  Clark  Fork  River  are  formed  by  Warm  Springs  Creek  and  the 
Mill-Willow  Bypass.    Approximately  124  miles  downstream  is  the  Milltown  Reservoir,  an 
impoundment  created  by  Milltown  Dam  at  the  confluence  of  the  Clark  Fork  and  Blackfoot 
Rivers. 

Silver  Bow  Creek  carried  wastes  from  mining  and  milling  operations  in  the  Butte  area 
directly  to  the  Clark  Fork  River  and  its  floodplain  prior  to  the  construction  of  Warm  Springs 
Ponds.   Three  ponds  were  constructed  on  Silver  Bow  Creek  near  the  town  of  Warm  Springs 
to  treat  wastes  and  associated  contaminated  sediments  in  Silver  Bow  Creek.    The  Ponds 
release  hazardous  substances  to  the  Clark  Fork  River  via  the  Mill-Willow  Bypass.   Mining 
and  smelting  wastes  deposited  along  Warm  Springs  Creek  near  Anaconda  have  also 
contributed  hazardous  substances  to  the  Clark  Fork  River. 

Large  areas  of  the  Clark  Fork  River's  floodplain  from  Warm  Springs  to  the  Milltown 
Reservoir,  including  the  river's  banks,  are  contaminated  by  hazardous  substances. 
Floodplain  contamination  consists  of  tailings,  mixed  alluvium  and  tailings,  and  contaminated 
soils.   Tailings  and  contaminated  soils  are  cycled  back  and  forth  between  aquatic  and  riparian 
environments.   Floodplain  tailings  and  contaminated  soils  contaminate  surface  water  and  bed 
sediments  through  releases  of  hazardous  substances  by  surface  runoff,  scouring  during  bank 
full  and  overbank  high  flows,  and  riverbank  wasting  and  slumping.   Similarly,  hazardous 
substances  are  deposited  on  the  floodplain  during  overbank  high  flows. 

Benthic  macroinvertebrates  living  in  and  on  the  riverbed  have  accumulated  hazardous 
substances  in  their  tissues.   Consumption  of  benthic  macroinvertebrates  by  trout  results  in 
exposure  and  injury,  including  death  and  reduced  growth.   Populations  of  otter,  mink,  and 
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raccoons  that  rely  on  fish  and  benthic  macroinvertebrates  in  their  diets  are  significantly 
reduced  relative  to  baseline  conditions. 

Contaminated  floodplain  deposits  have  injured  riparian  resources,  depriving  wildlife 
of  habitat.   The  most  severe  floodplain  contamination,  as  evidenced  by  the  occurrence  of 
devegetated  or  sparsely  vegetated  tailings  deposits,  occurs  between  Warm  Springs  and  Deer 
Lodge.   In  general,  concentrations  of  hazardous  substances  in  floodplain  deposits  and  the 
occurrence  of  devegetated  tailings  decrease  in  a  downstream  direction.    Like  the  floodplain, 
the  severity  of  riverbed  and  bank  contamination  decreases  with  distance  from  the  Ponds. 

Natural  resource  injuries  to  the  Clark  Fork  River  from  releases  of  hazardous 
substances  is  demonstrated  in  the  following  ways: 

1)  Surface  water  contains  concentrations  of  hazardous  substances  that  exceed 
criteria  established  for  the  protection  of  aquatic  life  and  thresholds  that  have 
been  demonstrated  to  cause  injury  to  fish; 

2)  Bed  sediments  contain  hazardous  substances  at  concentrations  that  exceed 
baseline  conditions  by,  on  average,  a  factor  of  more  than  ten,  and  exceed 
concentrations  that  are  expected  to  injure  benthic  macroinvertebrates; 

3)  Benthic  macroinvertebrate  tissues  contain  hazardous  substances.    Consumption 
of  these  contaminated  benthic  macroinvertebrates  by  trout  has  been  shown  to 
cause  reduced  growth; 

4)  Trout  populations  are  approximately  one-sixth  (about  17%)  of  baseline  due  to 
exposure  to  contaminated  surface  water  and  consumption  of  contaminated 
benthic  macroinvertebrates.    Rainbow  trout  are  largely  absent  from  the  Clark 
Fork  River  upstream  of  its  confluence  with  Rock  Creek; 

5)  Populations  of  otter,  mink,  and  raccoons  that  rely  on  fish  and  benthic 
macroinvertebrates  in  their  diets  are  significantly  reduced  relative  to  baseline 
conditions.   Otter  are  completely  absent  from  the  Clark  Fork  River; 

6)  215  acres  of  floodplain  contain  phytotoxic  concentrations  of  hazardous 
substances  and  are  therefore  entirely  or  largely  devoid  of  vegetation.   These 
areas  have  no  or  little  capacity  to  support  viable  wildlife  populations;  and 
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7)        Thousands  of  additional  floodplain  acres  contain  tailings  and  contaminated 
soils  and  are  a  continuing  source  of  hazardous  substances  to  aquatic  and 
riparian  resources. 

9.2  Sources  of  Hazardous  Substances 

Numerous  waste  sources  contribute  to  injuries  in  the  Clark  Fork  River.   These 
include  sources  to  groundwater  and  surface  water  in  Area  One  described  in  Chapter  3,  and 
floodplain  tailings  and  soils  and  bed  sediments  in  Silver  Bow  Creek  described  in  Chapter  4. 
Contaminated  groundwater  beneath  the  Opportunity  Ponds  is  also  a  source  to  the  Clark  Fork 
River  and  are  discussed  in  Chapter  8.    Sources  discussed  in  this  chapter  include  tailings  and 
contaminated  soils  in  the  Clark  Fork  River  floodplain,  bed  and  bank  sediments  of  the  Clark 
Fork  River,  discharges  from  Warm  Springs  Ponds,  and  wastes  along  Warm  Springs  Creek. 

The  Clark  Fork  River  floodplain  from  Warm  Springs  to  Milltown  Reservoir  is 
contaminated  by  hazardous  substances.   The  areal  extent  of  floodplain  contamination  has 
been  estimated  at  over  13,000  acres.   More  than  4,500  acres  of  floodplain  contain  exposed 
tailings,  mainly  in  the  reach  between  Warm  Springs  Ponds  and  Drummond.   Metals-enriched 
soils  cover  approximately  9,000  additional  acres  of  floodplain  extending  along  the  entire 
length  of  the  river  between  Warm  Springs  and  Milltown  Reservoir. 

Release  mechanisms  differ  for  aquatic  resources  and  riparian  resources.   As  noted, 
tailings  and  contaminated  soils  and  sediments  are  cycled  between  the  floodplain  and  the 
River.   Hazardous  substances  in  the  floodplain  are  released  to  surface  water  and  bed 
sediments  by  surface  runoff  over  exposed  surfaces;  scouring  during  bankfull  and  overbank 
high  flows;  and  riverbank  scouring  and  erosion  due  to  channel  migration.   Contaminated  bed 
sediments  and  floodplain  deposits  are  also  reentrained  and  redeposited  on  the  floodplain  by 
overbank  high  flows.   In  addition,  at  high  water  stage  the  Clark  Fork  River  carries  increased 
quantities  of  contaminated  suspended  sediments  from  reaches  upstream  to  those  downstream. 
As  high  waters  recede  contaminated  material  is  redeposited  in  bed,  bank,  and  floodplain 
areas.   For  riparian  resources,  release  mechanisms  include  geochemical  oxidation/reduction 
and  desorption  processes  in  contaminated  floodplain  tailings  and  soils.   These  processes 
increase  the  bioavailability  of  hazardous  substances  to  riparian  vegetation. 

Warm  Springs  F  nds,  which  partially  treats  the  contaminated  waters  of  Silver  Bow 
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Creek,  discharges  continuously  to  the  Clark  Fork  River  via  the  Mill-Willow  Bypass.    The 
Ponds'  discharges  are  a  source  of  hazardous  substances  to  the  River.   The  Warm  Springs 
Ponds'  discharges  are  being  addressed  by  CERCLA  response  actions  and  are  discussed  in 
Section  9.3. 

Finally,  wastes  from  smelting  operations  in  the  Anaconda  area  were  deposited  along 
Warm  Springs  Creek,  which  is  a  headwaters  tributary  of  the  Clark  Fork  River.   Hazardous 
substances  have  entered  Warm  Springs  Creek  by  surface  runoff  over  waste  sources  and 
during  high  flows  that  reentrain  floodplain  wastes.   These  wastes  have  been,  and  will  be, 
addressed  by  CERCLA  response  actions  as  discussed  in  Section  9.3. 

9.3   CERCLA  Response  Actions 

To  date,  response  actions  have  been  undertaken  or  are  underway  to  reduce  or  control 
releases  of  hazardous  substances  to  the  Clark  Fork  River.   These  include: 

1)  isolating  wastes  along  Warm  Springs  Creek  by  levee  reconstruction,  detention 
basin  construction,  and  floodplain  engineering; 

2)  removing  tailings  in  and  reconstructing  the  Mill-Willow  Bypass; 

3)  upgrading  the  treatment  capacity  and  efficiency  of  Warm  Springs  Ponds;  and 

4)  closing  Warm  Springs  Pond  1 ,  with  installation  of  groundwater  collection 
facilities  to  reduce  the  discharge  of  contaminated  groundwater  to  the  Clark 
Fork  River. 

The  Remedial  Investigation/Feasibility  Study  (RI/FS)  for  the  Clark  Fork  River  has  not 
yet  begun.   A  Record  of  Decision  (ROD)  selecting  a  preferred  alternative  is  anticipated  in 
early  1998.   The  RI/FS  will  evaluate  different  remedial  options  for  floodplain  tailings, 
including  removal  with  on-site  or  off-site  disposal  and  in-situ  immobilization  of  hazardous 
substances  by  a  technique  known  as  STARS  (Streambank  Tailings  and  Revegetation  Study). 
STARS  entails  the  addition  of  lime  and  other  calcium  compounds  to  tailings  and 
contaminated  soils  and  revegetating  the  amended  area  with  acid  and/or  metal  tolerant  plant 
species,  primarily  grasses.    Lime  neutralizes  acid  pH  conditions  in  tailings  and  contaminated 
soils,  which  immobilizes  hazardous  substances  and  permits  the  reestablishment  of  vegetation. 
By  these  mechanisms  STARS  seeks  to  prevent  hazardous  substances  from  reaching  surface 
water  by  runoff  or  groundwater  by  leaching. 
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In  1990,  tailings  immediately  downstream  of  the  River's  headwaters  at  Warm 
Springs,  covering  approximately  78  acres,  were  limed  and  revegetated.   Monitoring  to 
evaluate  the  effectiveness  of  this  action  is  ongoing. 

Based  on  a  review  of  the  RI/FS  literature,  an  evaluation  of  actions  implemented  or 
planned  at  other  sites  in  the  Basin,  consideration  of  ARCO's  projection  of  remedy,  and 
discussions  with  EPA  and  MDHES  personnel,  it  is  estimated  that  the  following  actions  are 
likely  to  be  implemented  at  the  Clark  Fork  River: 

1)  tailings  immediately  adjacent  to  the  Clark  Fork  River  will  be  excavated  and 
relocated  to  devegetated  areas  further  away  from  the  river; 

2)  tailings  and  associated  contaminated  soils,  including  relocated  tailings,  will  be 
treated  with  lime  and  revegetated  (STARS); 

3)  riverbanks  will  be  reconstructed  and/or  stabilized;  and 

4)  grazing  will  be  managed  to  protect  STARS-treated  floodplain  areas. 

It  is  estimated  that  the  remedy  will  occur  over  approximately  400  acres  of  floodplain, 
and  will  address  approximately  ten  percent  of  the  riverbanks,  largely  in  the  reach  of  the 
Clark  Fork  River  between  Warm  Springs  and  Deer  Lodge. 

9.4  Residual  Ii\jury 

The  remedy  will  not  return  aquatic  and  riparian  resources  to  baseline,  nor  is  it 
intended  to.   After  implementation  of  the  remedy,  sources  of  hazardous  substances  will 
remain,  causing  injuries  to  aquatic  and  riparian  resources. 

Hazardous  substances  not  addressed  by  the  remedy  are  located  on  the  contaminated 
floodplain,  riverbanks,  and  riverbed  of  the  Clark  Fork  River  between  Warm  Springs  and 
Milltown  Reservoir.    Sources  include  approximately  9,000  acres  of  metals-enriched  soils, 
4,100  acres  of  untreated  tailings-impacted  floodplain,  contaminated  riverbanks  and  riverbed 
sediments  along  120  miles  of  riverchannel,  and  the  400  acres  of  STARS-treated  floodplain. 

In  addition,  notwithstanding  the  upgrading  of  treatment  at  Warm  Springs  Ponds, 
releases  of  hazardous  substances  from  the  Ponds  to  the  Clark  Fork  River  will  continue  to 
occur.   These  releases  will  cause  hazardous  substance  concentrations  in  the  River  to  exceed 
baseline  conditions.   On  occasion,  concentration  levels  will  be  greatly  elevated  and  will  result 
in  exceedances  of  water  quality  criteria. 
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Remedial  activities  along  Warm  Springs  Creek  will  greatly  reduce  releases  of 
hazardous  substances  to  the  Creek.   Therefore,  sources  of  hazardous  substances  to  Warm 
Springs  Creek  will  not  be  discussed  further  in  this  chapter. 

The  limited  amount  of  revegetation  that  will  occur  on  STARS-treated  areas  will  result 
in  continuing  injury  to  wildlife  habitat.   STARS-treated  areas  of  the  floodplain  will  be 
revegetated  with  acid  and/or  metals-tolerant  grasses  only.   Many  native  species  of  shrubs  and 
trees  will  not  be  planted.    In  all,  the  response  action  will  result  in  a  continuing  reduction  in 
wDdlife  habitat  and  the  number  of  viable  wildlife  species  over  the  215  acres  of  injured 
wildlife  habitat  along  the  Clark  Fork  River. 

Additionally,  hazardous  substances  residing  in  STARS-treated  areas  will  be  eroded 
and  remobilized  by  storm-event  and  snowmelt  runoff  and  by  overbank  high-flows.   Exposed 
soils  will  exist  within  the  STARS  treated  area  since  vegetation  cannot  completely  cover  the 
land  surface.   Erosion  will  occur  from  these  exposed  areas  of  the  floodplain  and,  to  a  lesser 
extent,  from  areas  that  are  revegetated.   Contamination  of  bed  sediments  and  surface  water 
will  continue  to  occur  as  a  result  of  these  processes.    Finally,  stream  channel  migration  will, 
over  time,  intercept  STARS-treated  floodplain  materials  and  remobilize  contaminated 
floodplain  soils,  thereby  contaminating  bed  sediments  and  surface  water. 

A  significant  issue  relevant  to  resource  restoration  is  the  effectiveness  of  STARS  in 
maintaining  a  permanent  vegetative  cover.   Over  some  period  of  time,  numerous  limitations 
associated  with  the  STARS  technology  will  result  in  the  dieoff  of  large  areas  of  vegetation; 
large  areas  of  STARS-amended  floodplain  would  revert  to  the  present  devegetated  condition. 
As  vegetation  dies,  tailings  will  become  more  susceptible  to  erosion  by  surface  runoff  and 
overbank  high  flows.   This  would  accelerate  and  exacerbate  the  contamination  of  streambed 
sediments  and  surface  water,  which  will  occur  over  time  in  any  event,  but  at  a  slower  rate. 
NRDLP's  opinions  concerning  the  effectiveness  of  STARS  is  discussed  in  more  detail  in 
Montana's  report  'Evaluation  and  Critique  of  the  Streamside  Tailings  and  Revegetation 
Studies  (STARS)  Remediation  Technology. ' 

In  conclusion,  after  implementation  of  CERCLA  response  actions  aquatic  and  riparian 
resources  will  remain  injured.    Contaminated  bed  sediments  will  continue  to  expose  benthic 
macroinvertebrates  and  animals  (fish,  otter,  mink,  and  raccoons)  that  consume  benthic 
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macroinvertebrates.    Contaminated  surface  water  will  continue  to  expose  and  injure  trout 
populations.   Trout  populations  will  remain  depressed  compared  to  baseline  conditions  due  to 
the  continuing  contamination  of  surface  water,  bed  sediments,  and  benthic 
macroinvertebrates.     Residual  injury  to  riparian  resources  will  continue  due  to  the  limitations 
of  STARS.   While  vegetation  will  be  reestablished  on  approximately  400  acres,  the  use  of 
metals  and/or  pH  tolerant  grass  and  shrub  species  will  result  in  a  continuing  reduction  in 
vegetative  diversity,  the  number  of  riparian  habitat  layers,  and  the  number  of  viable  wildlife 
species.    Over  time,  the  dieoff  of  large  areas  of  vegetation  will  revert  much  of  the  STARS- 
treated  floodplain  to  its  present  devegetated  condition. 

9.5   Restoration  Alternatives 
9.5.1   Introduction 

As  a  preliminary  matter,  it  should  be  noted  what  is  not  proposed  by  the  following 
restoration  alternatives.    First,  no  alternative  proposes  to  remove  all  floodplain 
contamination.   It  is  estimated  that  at  least  13,000  acres  of  floodplain  along  the  entire  length 
of  the  Clark  Fork  River  between  Warm  Springs  and  Milltown  Reservoir  are  contaminated. 
Alternatives  are  proposed  that  target  the  most  significant  source  of  contamination,  namely  the 
4,500  acres  of  floodplain  that  contains  exposed  tailings.    No  alternative  addresses  the  9,000 
acres  of  floodplain  containing  metals-enriched  soils.    While  removal  of  all  floodplain 
contamination  was  considered,  it  was  rejected  for  further  analysis  because  of  the  difficulties 
associated  with,  and  the  adverse  impacts  anticipated  from,  such  an  extensive  removal  action. 

Second,  no  alternative  proposes  to  remove  bed  sediments.    Among  the  reasons  for 
rejecting  bed  sediments  removal  for  detailed  consideration  is  that  it  would  be  necessary  to 
construct  facilities  over  120  miles  of  river  to  dewater  the  sediments  and  treat  the 
contaminated  water. 

Third,  no  alternative  specifically  targets  removal  and  reconstruction  of  contaminated 
banks  below  Deer  Lodge.    Bank  contamination  between  the  Ponds  and  Deer  Lodge  is  a 
significant  source  of  hazardous  substances  to  the  River  and  warrants  removal  consideration. 
Bank  removal  below  Deer  Lodge  was  rejected  for  further  analysis  because  streambanks  in 
this  reach  are  not  as  significant  a  source  as  banks  upstream. 

Lastly,  no  further  actions  are  undertaken  to  address  the  estimated  157,300  cubic  yards 
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of  tailings  across  78  acres  at  the  Governor's  Project. 

Understanding  and  analyzing  the  following  restoration  alternatives  requires  that  a 
distinction  be  made  between  riparian  areas  determined  to  be  injured  by  hazardous  substances 
and  riparian  areas  identified  as  a  source  of  hazardous  substances  to  injured  aquatic  resources. 
Two-hundred  fifteen  acres  of  riparian  resources  were  determined  to  be  injured.   Therefore, 
215  acres  of  floodplain  can  be  restored  to  a  baseline  condition.   The  remaining  areas  of 
contaminated  floodplain  are  not  injured,  but  are  a  source  of  hazardous  substances  to  aquatic 
resources.   Actions  in  these  areas  would  be  undertaken  not  to  restore  riparian  resources  but 
to  remove  a  source  of  hazardous  substances  to  injured  aquatic  resources. 

9.5.2  Alternative  9A 

This  alternative  contemplates  extensive  removal  of  contaminated  floodplain  and 
riverbank  materials  that  are  sources  of  hazardous  substances  to  the  Clark  Fork  River,  and 
restoration  of  riparian  resources.   The  key  elements  of  this  alternative  include: 

1)  excavating  4,500  acres  of  tailings  and  related  floodplain  contamination; 

2)  disposing  of  excavated  materials  at  Anaconda  and/or  Opportunity  Ponds; 

3)  partial  backfilling  of  excavated  floodplain  areas; 

4)  revegetating  excavated  floodplain  areas; 

5)  removing,  reconstructing,  and  stabilizing  contaminated  riverbanks  between 
Warm  Springs  and  Deer  Lodge; 

6)  management  of  grazing  to  allow  vegetation  to  reestablish; 

7)  flow  augmentation;  and 

8)  natural  recovery. 

Under  this  alternative,  4,500  acres  of  tailings  and  associated  floodplain  contamination 
containing  approximately  2,791,000  cubic  yards  of  material  would  be  excavated.   Excavation 
would  occur  mainly  between  Warm  Springs  and  Drummond.   Excavated  materials  would  be 
disposed  of  at  the  Anaconda  and/or  Opportunity  Ponds. 

Following  excavation,  the  floodplain  would  be  partially  backfilled,  recontoured  and 
revegetated  with  species  of  native  grasses,  shrubs,  and  trees.   An  area  equal  to  the  extent  of 
riparian  wildlife  habitat  injury  (215  acres)  would  be  replanted  to  reflect  a  baseline  habitat 
mix  of  shrub/forest  and  agricultural  (hay/pasture)  habitat  types.   The  remaining  4,285  acres 
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of  excavated  floodplain  would  be  revegetated  to  stabilize  excavated  areas  and  prevent 
erosion.    Grazing  would  be  managed  for  a  short  period  of  time  to  facilitate  revegetation. 

Riverbanks  between  Warm  Springs  and  Deer  Lodge  not  addressed  by  remedy  would 
be  excavated  and  reconstructed,  or  stabilized  by  revegetating  with  willows  and  other  native 
shrubs.    One-half  of  the  riverbanks  would  be  excavated  and  reconstructed  to  remove 
contaminated  bank  sediments;  one-half  would  be  stabilized  by  revegetation  to  reduce 
slumping  and  mass-wasting  of  contaminated  bank  material  into  the  Clark  Fork  River. 
Riverbank  removal,  reconstruction,  and  stabilization  would  reduce  releases  of  hazardous 
substances  to  surface  water  and  bed  sediments. 

To  further  address  residual  surface  water  and  riverbed  contamination,  flows  in  the 
Clark  Fork  River  would  be  augmented  by  50  cubic  feet  per  second  for  two  months  (mid-July 
to  mid-September)  each  year.   This  would  be  accomplished  by  acquiring  approximately  6,150 
acre-feet  of  water.    Flow  augmentation  would  improve  water  quality  by  diluting  hazardous 
substances  resulting  from  residual  floodplain  and  riverbed  contamination  and  releases  from 
the  Warm  Springs  Ponds.   By  entraining  sediment,  higher  flows  would  also  result  in  less 
sedimentation  of  the  riverbed.   This  would  reduce  exposure  of  benthic  macroinvertebrates  to 
hazardous  substances. 

Under  this  alternative,  riparian  resources  would  substantially  recover  as  replanted 
vegetation  matures.    Revegetated  floodplain  areas  would  provide  substantially  improved 
wildlife  habitat  in  about  20  years  as  native  shrubs  and  grasses  mature.   Wildlife  habitat  close 
to  a  baseline  condition  would  be  achieved  in  approximately  50  years,  the  length  of  time 
necessary  for  cottonwood  groves  that  are  a  significant  component  of  the  riparian  shrub/tree 
habitat  to  achieve  substantial  growth. 

Aquatic  resources  would  substantially  recover  in  ten  to  twenty  years.   By  removing 
the  most  contaminated  areas  of  the  floodplain  and  removing,  reconstructing,  and  stabilizing 
riverbanks  between  Warm  Springs  and  Deer  Lodge,  which  are  also  sources  of  contamination 
to  the  Clark  Fork  River,  inputs  of  hazardous  substances  to  the  Clark  Fork  River  would  be 
measurably  reduced.    Source  removal  actions  in  upstream  reaches  of  the  River  would  benefit 
downstream  reaches  by  reducing  the  migration  of  hazardous  substances.   Flow  augmentation 
would  ameliorate,  but  not  eliminate,  the  toxicity  of  residual  surface  water  and  bed  sediment 
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contamination.   These  actions  would  clearly  benefit  trout  populations  by  reducing  exposure  to 
hazardous  substances  through  contaminated  surface  water  and  benthic  macroin vertebrates.   It 
is  estimated  that  trout  populations  would  quadruple,  or  increase  by  300%  (but  return  to  only 
about  70%  of  baseline)  because  of  the  overall  reduction  in  hazardous  substance  loadings  to 
the  Clark  Fork  River. 

Despite  the  level  of  effort  contemplated  by  this  alternative,  contaminant  sources  would 
remain  due  to  the  extensive  and  ubiquitous  nature  of  floodplain  and  riverbed  contamination. 
Over  9,000  acres  of  metals-enriched  floodplain,  approximately  twice  the  area  that  would  be 
excavated  under  this  alternative,  would  not  be  excavated  and  would  remain  a  source  of 
hazardous  substances  to  surface  water  and  bed  sediments  of  the  Clark  Fork  River  through 
erosion  by  storm-event  and  snowmelt  runoff,  and  scouring  during  bankfull  and  overbank  high 
flows.   Riverbed  sediments  between  Warm  Springs  and  Milltown  Reservoir  would  remain 
contaminated  and  would  continue  to  receive  contamination  from  floodplain  areas,  thereby 
continuing  to  expose  and  contaminate  benthic  macroinvertebrates  and  surface  water. 
Riverbanks  that  are  not  removed  would  also  remain  a  source  of  hazardous  substances  due  to 
erosion  and  scouring  during  bankfull  events  and  in  the  course  of  stream  channel  migration. 
Releases  from  Warm  Springs  Ponds  would  continue.    Given  the  residual  floodplain  and 
riverbed  contamination  under  this  alternative,  natural  resources  and  services  would  not  be 
restored  to  baseline  conditions  for  thousands  of  years,  the  time  required  for  natural  processes 
to  remove  remaining  contamination  from  the  Clark  Fork  River  and  its  floodplain. 

9.5.3  Alternative  9B 

This  alternative  removes  less  floodplain  and  riverbank  contamination  than  Alternative 
9A  while  restoring  riparian  resources.   The  key  elements  of  this  alternative  include: 

1)  excavating  2,250  acres  of  tailings  and  related  floodplain  contamination; 

2)  disposing  of  excavated  materials  at  Anaconda  and/or  Opportunity  Ponds; 

3)  partial  backfilling  of  excavated  floodplain  areas; 

4)  revegetating  excavated  floodplain  areas; 

5)  removing,  reconstructing,  and  stabilizing  riverbanks  between  Warm  Springs 
Ponds  and  Deer  Lodge; 

6)  management  of  grazing  to  allow  vegetation  to  reestablish; 
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7)  flow  augmentation;  and 

8)  natural  recovery. 

Under  this  alternative,  2,250  acres  of  tailings  and  associated  floodplain  contamination 
containing  approximately  1,702,000  cubic  yards  of  material  would  be  excavated.    Excavation 
would  occur  mainly  between  Warm  Springs  and  Garrison.    Following  excavation,  the 
floodplain  would  be  partially  backfilled,  recontoured  and  revegetated  with  species  of  native 
grasses,  shrubs,  and  trees.    An  area  equal  to  the  extent  of  riparian  wildlife  habitat  injury 
(215  acres)  would  be  replanted  to  reflect  a  baseline  habitat  mix  of  shrub/forest  and 
agricultural  (hay/pasture)  habitat  types.   The  remaining  2,035  acres  of  excavated  floodplain 
would  be  revegetated  to  stabilize  excavated  areas  and  prevent  erosion.   Grazing  would  be 
managed  for  a  short  period  of  time  to  facilitate  revegetation. 

Like  Alternative  9A,  riverbanks  between  Warm  Springs  and  Deer  Lodge  would  be 
removed,  reconstructed,  and  stabilized.    Excavated  floodplain  tailings  would  be  disposed  of 
at  the  Anaconda  and/or  Opportunity  Ponds.    Flow  augmentation  would  be  utilized  to  address 
residual  riverbed  and  surface  water  contamination. 

Under  this  alternative,  recovery  and  restoration  of  riparian  resources  would  occur  in 
the  same  time  frame  as  under  Alternative  9A.    Specifically,  substantial  recovery  would  occur 
within  20  years  as  vegetation  matures;  restoration  to  baseline  would  occur  in  approximately 
50  years. 

Aquatic  resource  injuries  would  not  be  mitigated  to  the  same  extent  under  this 
alternative  as  under  Alternative  9A.   This  alternative  removes  50%  of  the  area  of  floodplain 
contamination  and  about  60%  of  the  volume  of  contaminated  floodplain  material  as  is 
removed  under  Alternative  9A.   Although  significantly  less  floodplain  material  is  removed 
than  under  Alternative  9A,  proportionally  more  contamination  is  removed  because  this 
alternative  addresses  the  most  highly  contaminated  floodplain  materials.    Inputs  of  hazardous 
substances  to  the  River  from  surface  runoff,  and  bankfull  and  overbank  high  flows,  and 
stream  channel  migration  would  be  greater  under  this  alternative  than  Alternative  9A.    Still, 
this  alternative  would  reduce  contaminant  concentrations  relative  to  existing  conditions, 
which  would  result  in  substantial  recovery  in  trout  populations,  though  not  to  the  same  levels 
as  under  Alternative  9A.   Population  levels  would  triple,  or  increase  by  200%  (but  return  to 
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only  about  50%  of  baseline)  within  10  to  20  years. 

Given  the  existence  of  significant  floodplain,  bank,  and  bed  sediment  contamination 
remaining  under  this  alternative,  resources  and  services  would  not  be  restored  to  baseline 
conditions  for  thousands  of  years,  the  amount  of  time  that  would  be  required  for  natural 
processes  to  remove  hazardous  substances  from  the  Clark  Fork  River  and  its  floodplain. 

9.5.4  Alternative  9C 

This  alternative  removes  less  floodplain  and  riverbank  contamination  than  Alternative 
9B  while  restoring  riparian  resources.   The  key  elements  of  this  alternative  include: 

1)  excavating  1,125  acres  of  tailings  and  related  floodplain  contamination; 

2)  disposal  of  excavated  materials  at  Anaconda  or  Opportunity  Ponds; 

3)  partial  backfilling  of  excavated  floodplain  areas; 

4)  revegetating  excavated  floodplain  areas; 

5)  removing,  reconstructing,  and  stabilizing  riverbanks  between  Warm  Springs 
Ponds  and  Deer  Lodge; 

6)  management  of  grazing  to  allow  vegetation  to  reestablish; 

7)  flow  augmentation;  and 

8)  natural  recovery. 

Under  this  alternative,  1,125  acres  of  tailings  and  associated  floodplain  contamination 
containing  approximately  1,158,000  cubic  yards  of  material  would  be  excavated.   Excavation 
would  occur  mainly  between  Warm  Springs  and  Deer  Lodge.   Following  excavation,  the 
floodplain  would  be  partially  backfilled,  recontoured  and  revegetated  with  species  of  native 
grasses,  shrubs,  and  trees.   An  area  equal  to  the  extent  of  riparian  wildlife  habitat  injury 
(215  acres)  would  be  replanted  to  reflect  a  baseline  habitat  mix  of  shrub/forest  and 
agricultural  (hay /pasture)  habitat  types.   The  remaining  910  acres  of  excavated  floodplain 
would  be  revegetated  to  stabilize  excavated  areas  and  prevent  erosion.   Grazing  would  be 
managed  for  a  short  period  of  time  to  facilitate  revegetation. 

Like  Alternatives  9A  and  9B,  riverbanks  between  Warm  Springs  and  Deer  Lodge 
would  be  removed,  reconstructed,  and  stabilized.   Excavated  floodplain  tailings  would  be 
disposed  of  at  the  Anaconda  or  Opportunity  Ponds.   Flow  augmentation  would  be  utilized  to 
address  residual  riverbed  and  surface  water  contamination. 
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Under  this  alternative,  recovery  and  restoration  of  riparian  resources  would  occur  in 
the  same  time  frame  as  under  Alternatives  9A  and  9B.    Specifically,  substantial  recovery 
would  occur  within  20  years  as  vegetation  matures;  restoration  to  baseline  would  occur  in 
approximately  50  years. 

Aquatic  resource  injuries  would  not  be  mitigated  to  the  same  extent  under  this 
alternative  as  under  Alternatives  9A  and  9B.   This  alternative  removes  25%  of  the  area  of 
floodplain  contamination  and  about  40%  the  volume  of  contaminated  floodplain  material  as 
occurs  in  Alternative  9A;  and  50%  and  60%,  respectively,  of  contaminated  floodplain  area 
and  volume  of  contaminated  material  as  occurs  in  Alternative  9B.   As  in  Alternative  9B, 
proportionally  more  contamination  is  removed  than  floodplain  acreage  addressed  in 
Alternative  9B  because  this  alternative  addresses  only  the  most  contaminated  25%  of 
floodplain.   The  intensity  and  frequency  of  loadings  of  hazardous  substances  to  the  River 
from  surface  runoff,  and  bankfull  and  overbank  high  flows  would  be  greater  than  in 
Alternatives  9A  and  9B.    Still,  this  alternative  would  reduce  contaminant  concentrations 
relative  to  existing  conditions,  which  would  result  in  substantial  recovery  in  trout 
populations,  though  not  to  the  same  levels  as  under  either  Alternative  9A  or  9B.    Trout 
populations  would  double,  or  increase  by  100%  (returning  to  only  about  35%  of  baseline) 
within  approximately  10  to  20  years  under  this  alternative,  compared  to  quadrupling 
(returning  to  70%  of  baseline)  under  Alternative  9A,  and  tripling  (returning  to  50%  of 
baseline)  under  Alternative  9B. 

Given  the  existence  of  significant  floodplain,  bank,  and  bed  sediment  contamination 
remaining  under  this  alternative,  resources  and  services  would  not  be  restored  to  baseline 
conditions  for  thousands  of  years,  the  amount  of  time  that  would  be  required  for  natural 
processes  to  remove  hazardous  substances  from  the  Clark  Fork  River  and  its  floodplain. 

9.5.5  Alternative  9D 

In  this  alternative,  no  further  action  is  taken  beyond  the  CERCLA  response  action. 
Four-hundred  acres  of  devegetated  or  largely  devegetated  floodplain  areas  would  have  been 
treated  by  STARS  to  reduce  runoff.   Thousands  of  acres  of  contaminated  floodplain  would 
remain  a  source  of  hazardous  substances  to  surface  water.   Bed  and  bank  sediments  would 
remain  contaminated  the  entire  length  of  the  Clark  Fork  River.   Releases  of  hazardous 
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substances  from  Warm  Springs  Ponds  would  continue. 

The  STARS-remedy  will,  temporarily  and  partly,  restore  wildlife  habitat  by 
revegetating  with  a  few  grass  and  shrub  species.    However,  this  action  would  not  return 
riparian  resources  to  a  baseline  condition.   Over  time,  wildlife  habitat  will  be  lost  as  the 
vegetative  cover  dies.   Reestablishment  of  vegetation  indicative  of  baseline  will  depend  on 
natural  erosional  processes  to  remove  contamination.   This  will  occur  over  hundreds  or  even 
thousands  of  years. 

The  Clark  Fork  River  would  remain  contaminated  as  long  as  extensive  floodplain 
contamination  exists  and  remains  a  source  of  hazardous  substances  to  aquatic  resources. 
Aquatic  resources  and  services  would  not  be  restored  for  thousands  of  years,  the  amount  of 
time  required  for  erosion  to  remove  floodplain  contamination.   Over  time,  however,  recovery 
would  occur  as  the  amount  of  floodplain  contamination  decreases  and  the  severity  of  impacts 
to  aquatic  resources  lessens. 

It  is  difficult  to  estimate  the  time  to  achieve  any  of  the  levels  of  substantial  recovery 
that  would  occur  under  Alternatives  9A,  9B,  and  9C.   While  removal  of  sources  of 
contamination  to  the  Clark  Fork  River,  as  is  proposed  under  the  action  alternatives,  would 
achieve  increases  in  fish  populations  in  a  matter  of  a  decade  or  two,  similar  increases  in  fish 
populations  would  take  hundreds,  or  thousands,  of  years  of  natural  processes  to  achieve. 

9.6  Evaluation  of  Alternatives 

9.6.1   Technical  Feasibility 

Alternatives  9A,  9B,  9C,  and  9D  are  equivalent  in  terms  of  technical  feasibility. 
Alternative  9D,  which  calls  for  monitoring  and  natural  recovery,  is  technically  feasible. 
With  respect  to  the  other  three  alternatives,  the  alternatives  equally  employ  well-known  and 
accepted  technologies  and  have  a  reasonable  chance  of  successful  completion  in  an  acceptable 
period  of  time.   The  alternatives  are  all  variations  on  a  theme:  removal  of  tailings  and 
contaminated  soils.    Excavation  of  tailings  and  contaminated  soils  should  not  be  difficult,  will 
eliminate  a  source  of  contamination  to  the  Clark  Fork  River,  and  is  currently  under 
consideration  at  several  locations  in  the  Upper  Clark  Fork  Basin. 
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9.6.2  Cost-effectiveness 

A  distinction  between  the  alternatives  cannot  be  made  on  cost-effectiveness  grounds 
because  the  alternatives  produce  different  benefits.   Under  Alternative  9A  populations  of  fish 
in  the  Clark  Fork  River  would  go  from  17  percent  of  baseline  to  70  percent  of  baseline 
within  two  decades.   Under  Alternative  9B  populations  of  fish  in  the  Clark  Fork  River  would 
return  to  50  percent  of  baseline  within  two  decades.    Under  Alternative  9C  populations  of 
fish  would  return  to  35  percent  of  baseline  within  two  decades.   Under  Alternative  9D 
populations  of  fish  would  remain  at  about  their  present  level-17  percent  of  baseline-  for  the 
foreseeable  future. 

9.6.3  Results  of  Response  Actions 

Response  actions  anticipated  to  occur  at  the  Clark  Fork  River  will  not  restore  injured 
resources  and  will  leave  significant  residual  injury.   The  restoration  alternatives  were 
designed  to  address  the  residual  injury  and  to  improve  the  condition  of  injured  resources. 

STARS  is  projected  to  occur  under  remedy  at  this  site.    Accordingly,  implementation 
of  the  alternatives  must  be  coordinated  with  remedy.   This  plan  assumes  such  coordination 
will  occur  and  the  alternatives  are  costed  accordingly. 

9.6.4  Potential  for  Additional  Injury 

There  will  be  significant  short-term  environmental  impacts  from  the  implementation 
of  Alternatives  9 A  and  9B.   As  between  these  two  alternatives,  impacts  will  be  significantiy 
greater  under  Alternative  9A  than  under  Alternative  9B.   There  will  also  be  impacts 
associated  with  Alternative  9C,  but  these  impacts  are  expected  to  be  relatively  minor 
compared  to  the  impacts  associated  with  the  other  two  action  alternatives. 

Short-term  environmental  impacts  from  the  implementation  of  all  the  alternatives 
relate  to  rune  ff  into  surface  water  from  floodplain  disturbance  and  emissions  of  particulates 
from  construction  activities.   Alternative  9B  entails  a  significantly  greater  amount  of 
floodplain  excavation  than  Alternative  9C  so  impacts  of  this  nature  will  obviously  be  greater 
under  this  alternative  than  under  Alternative  9C.   For  the  same  reason,  impacts  will  be 
greater  under  Alternative  9A  than  Alternative  9B.   Standard  practices  will  be  used  to 
ameliorate  these  impacts.    Since  Alternative  9D  calls  for  no  floodplain  excavation,  these 
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impacts  will  not  exist. 

Short-term  impacts  will  also  result  from  streambank  work  undertaken  between  Warm 
Springs  Ponds  and  Deer  Lodge.   This  work  has  the  potential  to  cause  releases  of  hazardous 
substances  to  the  river.   All  the  alternatives,  except  for  Alternative  9D,  share  this  potential 
for  injury  equally.   Standard  construction  techniques,  such  as  the  construction  of  coffer 
dams,  will  minimize  any  risks.   The  potential  for  harm  to  surface  water  and  aquatic 
resources  should  not  be  significant. 

Of  more  significance  regarding  the  issue  of  impacts  are  concerns  about  the  condition 
of  the  floodplain  that  is  to  be  excavated.   Alternative  9C,  which  entails  floodplain  excavation 
mainly  between  Warm  Springs  and  Deer  Lodge,  will  principally  occur  over  lands  that  are 
devegetated  and  poorly  vegetated.    Proceeding  downstream,  the  quality  of  floodplain 
vegetation  improves.   Thus,  Alternative  9B,  which  calls  for  floodplain  excavation  mainly 
between  Warm  Springs  and  Garrison,  will  require  the  disturbance  of  areas  higher  in 
vegetative  quality  than  would  be  disturbed  under  Alternative  9C.    Similarly,  Alternative  9A, 
which  calls  for  excavation  mainly  between  Warm  Springs  and  Drummond,  will  require  the 
disturbance  of  areas  higher  in  vegetative  quality  than  would  be  disturbed  under  Alternative 
9B.    Given  the  large  number  of  acres  proposed  to  be  excavated  under  Alternatives  9A  and 
9B,  a  significant  amount  of  relatively  well  vegetated  land  would  need  to  be  disturbed. 

9.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

Under  all  of  the  alternatives  restoration  to  baseline  is  not  projected  to  occur  for 
thousands  of  years.    The  amount  of  contamination  in  the  floodplain  is  so  great,  it  will  take 
this  long  for  natural  processes  to  remove  all  the  sources. 

Still,  removal  of  floodplain  contamination  can  provide  substantial  benefits  to  the 
resources.    As  noted  above,  under  Alternative  9A,  fish  populations  would  return  to  70 
percent  of  baseline  within  two  decades.   Alternatives  B  and  C  would  produce,  in  the  same 
amount  of  time,  recovery  to  baseline  of  50  percent  and  35  percent,  respectively. 

9.6.6  Human  Health  and  Safety 

There  is  virtually  no  difference  between  the  alternatives  with  regard  to  this  factor. 
Risks  to  human  health  and  safety,  to  the  extent  such  risks  exist,  will  be  minimized  by 
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compliance  with  all  applicable  laws  and  regulations  governing  workplace  safety  and  by 
designing  and  implementing  the  alternatives  in  such  a  manner  as  to  ensure  that  the  public  is 
protected.    Since  Alternative  9A  is  the  most  intensive  it  would  presumably  have  the  greatest 
degree  of  risk  associated  with  it.   Under  this  same  reasoning  Alternative  9D  would  pose  the 
least  amount  of  risk  to  human  health  and  safety. 

9.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  federal,  state,  or  tribal  policies  implicated  by  these  alternatives. 

9.6.8  Federal.  State,  and  Tribal  Laws 

All  alternatives  are  consistent  with  applicable  law.   Alternatives  9A,  9B  and  9C  are 
consistent,  to  varying  degrees,  with  the  Montana  Floodplain  Management  Regulations,  which 
prohibits  the  storage  of  hazardous  materials  in  the  floodplain.   The  State  could  lease  water 
and  ensure  its  maintenance  in  the  stream.    Before  implementing  the  alternatives,  the  State 
would  obtain  all  necessary  permits  and  authorizations,  including  permission  from  landowners 
to  conduct  activities  on  their  land. 

9.6.9  Other  Relevant  Factors 

At  this  time  the  State  has  identified  no  additional  relevant  factors. 

9.6.10  Cost-Benefit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  9A— $81.5  million;  Alternative  9B--$51.4  million; 
Alternative  9C-$39.8  million;  and  Alternative  9D--$3.4  million.   Based  on  the  following 
analysis,  and  informed  by  the  previous  discussion  and  the  State's  knowledge  of  the  resource, 
the  State  selects  Alternative  9A. 

The  Clark  Fork  River  is  a  severely  injured  resource,  which  could  be  of  great  value  to 
the  State  of  Montana.    Restoration  alternatives  exist  that  would  significantly  improve  the 
condition  of  the  resource  over  its  presently  degraded  condition.   Moreover,  a  failure  by  the 
State  to  act  to  restore  this  resource  would  result  in  the  condition  of  the  resource  being  made 
virtually  permanent. 

Accordingly,  the  State  determined  that  Alternative  9 A  would  come  the  closest  to  the 
State's  objective  of  enabling  the  Clark  Fork  River  to  be  a  relatively  healthy,  productive 
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system.   Neither  Alternative  9B  or  9C  accomplished  enough  in  the  way  of  recovery  to  justify 
the  expenditure  of  tens  of  million  of  dollars.   Alternative  9A,  on  the  other  hand,  produced  a 
recovery  to  70  percent  of  baseline.   The  greater  cost  of  this  alternative  was  justified  by  the 
significant  benefits  it  produced. 

Finally,  Alternative  9 A  was  preferred  notwithstanding  the  environmental  impacts  from 
excavating  4,500  acres  of  floodplain.   The  floodplain  will  recover,  but  without  removing  the 
source  of  contamination  the  Clark  Fork  River,  in  essence,  would  not  recover. 
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10.0  MILLTOWN  GROUNDWATER  RESOURCES 

10.1   Description  of  Site  and  Injury 

Milltown  Dam  was  constructed  in  1907-1908  at  the  confluence  of  the  Clark  Fork  and 
Blackfoot  Rivers,  forming  Milltown  Reservoir.    The  dam  is  approximately  124  miles 
downstream  from  the  Clark  Fork  River's  headwaters  near  Warm  Springs  Ponds.   The 
Reservoir  is  part  of  the  Milltown  Reservoir/Clark  Fork  River  NPL  site. 

Approximately  6.6  million  cubic  yards  of  contaminated  sediments  have  been  deposited 
in  the  reservoir  as  a  result  of  the  downstream  transport  of  mining,  milling,  and  smelting 
wastes  from  the  Butte  and  Anaconda  areas.   Consequently,  the  reservoir's  storage  capacity 
has  been  largely  depleted.   It  is  estimated  that  almost  80%  of  the  sediment  load  currently 
carried  by  the  Clark  Fork  River  (approximately  43,000  cubic  yards  per  year)  and  the 
Blackfoot  River  (32,000  cubic  yards  per  year)  passes  through  the  reservoir  to  the  Clark  Fork 
River  downstream  of  Milltown  Dam.   At  present,  the  reservoir  covers  approximately  180 
acres  and  has  a  storage  capacity  of  about  800  acre-feet. 

Reservoir  sediments  contain  concentrations  of  hazardous  substances  and  associated 
contaminants  significantly  greater  than  baseline.    Concentrations  of  arsenic,  the  primary 
hazardous  substance  of  concern,  are  30  times  baseline.    Hazardous  and  deleterious  substances 
released  from  these  sediments  have  contaminated  the  groundwater  underlying  and  adjacent  to 
the  Milltown  Reservoir.   In  November  1981,  community  wells  at  Milltown  were  found  to 
contain  groundwater  with  arsenic  concentrations  as  much  as  ten  times  the  drinking  water 
standard. 

The  groundwater  system  at  Milltown  is  comprised  of  the  groundwater  in  saturated 
reservoir  sediments  and  the  underlying  alluvial  material.   Reservoir  sediments  are  comprised 
of  fine-grained  sand,  silt,  and  clay  and  range  in  thickness  from  as  much  as  29  feet 
immediately  behind  the  dam  to  a  few  feet  at  the  upstream  end  of  the  impoundment.   In 
general,  sediments  thin  in  an  upstream  direction.   These  sediments  overlie  the  original  coarse 
alluvial  floodplain  material.   The  thickness  of  the  alluvium  underlying  the  reservoir 
sediments  is  unknown.   Just  north  of  the  reservoir  the  alluvium  is  30  feet  thick,  extending  to 
160  feet  thick  near  the  town  of  Milltown.   The  water  table  in  the  reservoir  sediments  is 


10-1 


typically  10  to  15  feet  higher  than  the  water  table  beneath  the  town  of  Milltown.   Reservoir 
water  saturates  the  exposed  and  submerged  fine-grained  reservoir  sediments  and  flows 
towards  the  town  of  Milltown  by  moving  both  northward  and  downward  into  the  underlying 
coarse  alluvium.   The  groundwater  then  trends  to  the  northwest  and  down  the  Clark  Fork 
River  Canyon. 

Groundwater  injury  has  been  demonstrated  by  the  presence  of  arsenic,  iron,  and 
manganese  at  concentrations  that  exceed  primary  (arsenic)  and  secondary  (iron  and 
manganese)  drinking  water  standards.    Arsenic  concentrations  are  20  times  the  drinking 
water  standard.   The  areal  extent  of  the  arsenic  plume  is  approximately  1 10  acres;  slightly 
more  than  one-fifth  of  the  plume  extends  beyond  the  boundaries  of  the  reservoir.   The  areal 
extent  of  both  the  iron  and  manganese  plumes  are  greater  than  the  extent  of  the  arsenic 
plume.   Based  on  the  manganese  plume,  which  is  the  largest  contaminant  plume,  the  volume 
of  contaminated  groundwater  is  between  approximately  5,1(X)  and  7,890  acre-feet.   The 
annual  flux  of  contaminated  groundwater  is  estimated  to  be  16,910  acre-feet  per  year  for 
arsenic;  31,540  acre-feet  per  year  for  iron,  and  110,990  acre-feet  per  year  for  manganese. 

Under  current  geochemical  conditions,  it  is  believed  that  the  arsenic  plume  will  not 
migrate.   However,  geochemical  processes  are  not  well  understood,  so  the  eventual 
disposition  of  the  arsenic  plume  is  not  known  with  certainty. 

10.2   Sources  of  Hazardous  Substances 

The  source  of  groundwater  contamination  is  the  fine-grained  contaminated  sediments 
in  Milltown  Reservoir.    Contaminants  are  released  as  water  flows  through  the  sediments. 
Groundwater  carries  contaminants  from  the  reservoir  sediments  to  the  underlying  sand, 
gravel,  and  cobble  alluvial  aquifer. 

The  Milltown  Reservoir  Sediments  Draft  Site  Remedial  Investigation  delineated  five 
sediment  accumulation  areas.   These  areas  differ  in  sediment  thickness,  the  amount  of 
sediment  arsenic  contamination,  and  arsenic  concentrations  in  sediment  porewater  or 
groundwater. 

Three  adjacent  deposition  areas  (areas  I,  II,  and  HI)  are  generally  contiguous  with  the 
extent  of  arsenic,  iron  and  manganese  plumes  and  therefore  represent  a  significant  source  of 
groundwater  contamination.    Area  I  contains  approximately  2,640,000  cubic  yards  of 
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sediments  and  is  located  between  the  River  and  the  interstate  highway  north  of  the  Reservoir. 
This  area  contains  the  most  contaminated  reservoir  sediments  (320  mg/kg  of  arsenic)  and  the 
highest  concentrations  of  arsenic  in  sediment  porewater  (2.43  mg/1).   Area  II  contains 
approximately  760,000  cubic  yards  of  sediments  and  is  located  south  of  the  river  channel. 
This  area  contains  the  lowest  porewater  concentrations  of  arsenic  of  any  of  the  five  sediment 
areas.    Area  III  contains  approximately  480, 0(X)  cubic  yards  of  sediments.    It  is  coextensive 
with  the  Clark  Fork  River  channel.    Of  the  three  areas.  Area  III  contains  the  lowest 
concentrations  of  arsenic  in  sediments  but,  like  Area  I,  contains  porewater  concentrations  of 
arsenic  (.063  mg/1)  above  drinking  water  standards.  Together  these  areas  contain 
approximately  3,880,000  cubic  yards  of  sediments,  about  sixty  percent  of  the  total  amount  of 
sediments  in  Milltown  Reservoir. 

Two  other  sediment  deposition  areas  are  located  upstream  of  the  main  contaminant 
plumes.    These  areas  (IV  and  V)  contain  approximately  1,200,000  and  1,520,000  cubic 
yards,  respectively,  of  contaminated  sediments.    These  sediments  range  from  two  to  twelve 
feet  in  thickness.    As  indicated  by  porewater  arsenic  concentrations  and  the  absence  of 
contaminant  plumes,  these  sediments  appear  to  contribute  much  less  to  the  overall 
groundwater  injury  in  the  alluvium  and  sediments  downstream  than  the  sediments  in  areas  I, 
II,  and  III.   However,  arsenic  concentrations  in  sediments  in  Areas  IV  and  V,  while  not  as 
high  as  in  Area  I,  are  substantially  greater  than  in  Areas  II  and  III. 

Releases  of  contaminants  from  reservoir  sediments  are  believed  to  result  from  two 
geochemical  processes.    One  mechanism  is  the  reduction  of  oxide  minerals  in  the  lower  15  to 
20  feet  of  sediments.    Another  mechanism  is  the  alternating  oxidation  and  reduction  of 
sulfide  minerals  in  the  upper  2  to  10  feet  of  sediments.   The  second  process  has  been 
referred  to  as  a  "redox  pump"  because  it  is  associated  with  alternating  oxidizing  and  reducing 
conditions  caused  by  fluctuating  water  levels  in  the  reservoir.    Montana  Power  Company's 
current  operating  license  for  the  hydroelectric  project  limits  the  amount  of  water  level 
fluctuation  in  the  reservoir  to  a  maximum  of  two  feet  in  order  to  control  releases  from  the 
"redox  pump"  process.    Under  normal  operating  conditions,  water  level  generally  fluctuates 
less  than  one  foot. 
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10.3  CERCLA  Response  Action 

Response  actions  to  date  consist  of  the  construction  of  a  new  public  water  supply 
system  for  the  town  of  Milltown.   This  work  was  completed  in  1985. 

The  Remedial  Investigation/Feasibility  Study  (RI/FS)  for  Milltown  Reservoir  is  in 
progress.    The  primary  issues  are  remediation  of  groundwater  contamination  and  potential 
releases  of  hazardous  substances  to  the  Clark  Fork  River  downstream.    A  Record  of  Decision 
selecting  the  remedy  is  anticipated  in  1996.   However,  based  on  a  review  of  the  RI/FS 
literature,  an  evaluation  of  actions  implemented  and  planned  at  other  sites  in  the  Basin, 
consideration  of  ARCO's  projection  of  remedy,  and  discussions  with  EPA  and  MDHES,  it  is 
estimated  that  the  following  actions  will  be  implemented  at  Milltown  Reservoir: 

1)         institutional  controls,  such  as  well  drilling  restrictions,  to  prevent  use  of 
contaminated  groundwater. 

10.4  Residual  Injury 

After  implementation  of  the  remedy,  contaminated  sediments  will  remain  in  Milltown 
Reservoir  and  will  continue  releasing  hazardous  substances  to  groundwater.     Groundwater 
will  remain  contaminated,  in  the  same  amount  and  to  the  same  extent,  as  it  is  at  present. 
Thus,  arsenic,  iron,  and  manganese  will  remain  at  levels  above  drinking  water  standards  and 
baseline  conditions. 

10.5  Restoration  Alternatives 
10.5.1   Introduction 

The  presence  and  continual  accumulation  of  hazardous  substances,  the  natural 
geochemical  process  releasing  arsenic  and  metals,  and  the  reservoir  driven  groundwater  flow 
system  influence  the  choice  of  restoration  alternatives.    Site  characteristics  limit  the  kinds  of 
techniques  that  may  be  practically  applied  to  restore  groundwater.   For  example,  the  high 
groundwater  velocities  in  the  aquifer  make  pumping  and  treating,  at  a  minimum,  extremely 
difficult.   Treatment  of  the  largest  contaminant  plume  (manganese)  would  require  an 
extraction  system  and  treatment  facility  capable  of  handling  a  minimum  of  153  cubic  feet  per 
second  (cfs)  of  groundwater,  a  flow  equal  to  roughly  one-third  the  August  flow  of  the  Clark 
Fork  River  above  Milltown  Reservoir.    Targeting  the  arsenic  plume  alone  would  require 
facilities  to  collect  and  treat  23  cfs  of  groundwater.   The  design  and  construction  of  a 
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groundwater  extraction  system  and  metals  treatment  facility  for  this  volume  of  water  would 
be  an  extremely  difficult  undertaking.   Further,  such  a  system,  by  itself,  would  not  restore 
groundwater  "it  would  merely  treat  the  contaminated  groundwater  leaving  the  system  at 
Milltown.   Nor  would  such  a  treatment  system  accelerate  the  timeframe  to  restoration. 

Engineering  efforts  to  limit  or  decrease  the  size  of  the  contaminant  plumes  would  be 
similarly  difficult.  Installation  of  an  impermeable  subsurface  containment  structure,  such  as 
a  grout  curtain  or  sheet  piling,  near  or  at  the  downgradient  end  of  the  contaminant  plume 
might  be  considered.   Given  the  large  volume  of  water  moving  through  the  aquifer,  the 
effectiveness  of  such  an  action  would  be  highly  uncertain.   Even  if  such  a  barrier  could  be 
constructed,  contaminated  groundwater  could  be  forced  up  through  the  reservoir  sediments 
and  into  the  Clark  Fork  River  as  a  result  of  subsurface  containment.   If  this  were  to  occur, 
surface  water  and  aquatic  life  downstream  could  be  adversely  affected. 

Therefore,  restoration  of  groundwater  largely  depends  on  source  removal.    Two 
issues  relating  to  source  removal  are  important  in  the  design  of  restoration  alternatives. 
First,  disturbing  the  sediments  creates  the  potential  for  releases  of  hazardous  substances  to 
surface  water  and/or  groundwater.   Physical  disturbance  of  sediments  can  destabilize  the 
geochemical  environment  under  which  reservoir  sediments  exist.   This  could  remobilize 
hazardous  substances  and  degrade  surface  water  or  groundwater.    Alternatives  that  consider 
sediment  removal  largely  address  potential  releases  to  groundwater  by  engineering  techniques 
that  dewater  sediments  prior  to  excavation.   Potential  releases  to  surface  water  could  occur 
under  any  removal  scenario  because  of  the  necessity  for  levee  construction,  with  adverse 
impacts  to  surface  water  and  fish  populations  downstream. 

The  second  issue  related  to  source  removal  is  that  assuming  the  continued  existence  of 
Milltown  Dam  and  the  reservoir,  resedi mentation  will  occur  in  those  reservoir  areas 
excavated  to  remove  sediments  if  no  backfilling  of  excavated  areas  is  undertaken.   Without 
backfilling  reservoir  sediments  that  are  left  in  place,  and  sediments  in  the  Clark  Fork  River 
drainage  upstream,  will  redeposit  in  the  reservoir.    Although  redeposited  sediments  will  be 
less  contaminated  than  the  excavated  sediments,  and  the  condition  of  the  resource  will 
significantiy  improve  relative  to  its  present  condition,  the  potential  for  recontamination  of  the 
alluvial  aquifer  is  relatively  high.   Therefore,  two  alternatives  are  designed  to  address 


10-5 


resedimentation  of  Milltown  Reservoir  and  one  alternative  is  proposed  that  entails 
backfilling. 

Another  pertinent  issue  at  Milltown  concerns  the  risk  to  downstream  resources  from  a 
release  of  reservoir  sediments.   While  highly  preliminary  in  nature,  studies  suggest  that  there 
is  a  slight  risk  of  adverse  impacts  to  aquatic  resources  from  contaminants  as  a  result  of  a  100 
year  flood  event  causing  scour  of  reservoir  sediments.   There  is  a  probable  risk  of  adverse 
impacts  to  aquatic  resources  from  contaminants  as  a  result  of  a  dam  failure  and  associated 
discharge  of  reservoir  sediments.    In  either  of  these  two  scenarios,  the  physical  deposition  of 
reservoir  sediments  would  also  cause  adverse  impacts  to  aquatic  resources.   In  the  event  of  a 
dam  failure  and  a  large  release  of  sediments  from  the  reservoir,  the  deposition  of  sediments 
in  the  floodplain  downstream  could  also  result  in  localized  impacts  to  the  Missoula  aquifer. 
The  risk  of  a  dam  failure  and  a  large-scale  release  of  reservoir  sediments  has  been  estimated 
at  more  than  1  in  10,000. 

10.5.2   Alternative  lOA 

This  alternative  would  remove  all  contaminated  sediments  from  Milltown  Reservoir  to 
eliminate  releases  of  hazardous  and  deleterious  substances  to  groundwater.   Milltown  Dam 
would  be  removed.   The  key  elements  of  this  alternative  are: 

1)  constructing  a  levee  to  isolate  excavation  sites  from  the  Clark  Fork  River; 

2)  constructing  a  system  of  trenches  and  pumps  to  dewater  reservoir  sediments; 

3)  constructing  a  treatment  plant  to  treat  water  removed  from  reservoir 
sediments; 

4)  excavating  reservoir  sediments; 

5)  disposing  of  excavated  sediments  at  a  constructed  repository; 

6)  removal  of  Milltown  Dam;  and 

7)  natural  recovery. 

This  alternative  contemplates  complete  removal  of  6,600,000  cubic  yards  of 
contaminated  reservoir  sediments.   A  levee  would  first  be  constructed  in  the  reservoir  to 
direct  the  flow  of  the  Clark  Fork  River  to  one  side  of  the  reservoir.    The  sediments  on  the 
other  side  of  the  levee  would  be  dewatered  using  a  system  of  trenches  and  pumps  similar  to 
common  gravel  mining  operations.  The  pumped  water  would  be  treated  and  discharged  to 
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the  river.   Excavation  would  proceed  such  that  the  dewatering  would  not  exceed  1,000  gpm. 
The  contaminated  sediment  would  then  be  excavated  in  the  "dry."   Following  excavation  of 
one  side,  the  levee  would  be  removed  and  reconstructed  to  excavate  the  remaining  sediments, 
including  those  that  were  beneath  the  levee  at  its  first  location.   Excavated  materials  would 
be  disposed  of  at  a  nearby  repository.   Following  removal  of  sediments  Milltown  Dam  would 
be  removed.   Wetlands  within  the  reservoir  that  are  removed  during  excavation  would  return 
over  time  as  the  reexposed  Clark  Fork  River  channel  naturally  recovers.   However,  the  area 
of  wetlands  would  likely  be  substantially  less  than  now  exists  within  the  reservoir. 

Despite  the  level  of  effort  contemplated  by  this  alternative,  it  is  unlikely  that  one 
hundred  percent  of  the  contaminated  sediment  would  be  removed.   Some  amount  of 
contaminated  sediment  would  likely  remain  within  and  on  top  of  the  underlying  coarse- 
grained alluvial  floodplain.   Immediately  following  sediment  excavation,  contaminant 
concentrations  in  groundwater  would  decrease  markedly.   Drinking  water  standards  could  be 
achieved  throughout  the  injured  alluvial  aquifer  in  a  period  of  several  months  following 
removal.    Groundwater  could  be  restored  to  baseline  in  two  or  three  years. 

The  removal  of  Milltown  Dam  would  eliminate  the  site  conditions  that  have  resulted 
in  groundwater  injury  (a  large  volume  of  highly  contaminated  wastes  emplaced  on  top  of  a 
highly  permeable  alluvial  aquifer,  geochemical  conditions  within  the  reservoir  sediments  that 
resulted  in  contaminant  releases,  and  the  reservoir-driven  groundwater  system  that  drives 
contaminants  to  the  adjacent  and  underlying  alluvial  aquifer).   With  Milltown  Dam  removed, 
there  is  no  potential  for  contaminated  sediments  migrating  from  the  upper  Clark  Fork  River 
drainage  to  deposit  behind  the  Dam.   These  sediments  would  pass  through  the  site  to  the 
Clark  Fork  River  downstream  (which  is  largely  the  situation  occurring  at  the  present  time). 
The  potential  for  reinjury  and/or  recontamination  due  to  redeposition  of  contaminated 
sediments  would  be  eliminated. 

10.5.3  Alternative  lOB 

This  alternative  would  remove  all  contaminated  sediments  from  Milltown  Reservoir  to 
eliminate  releases  of  hazardous  and  associated  substances  to  groundwater.   Milltown  Dam 
would  be  left  in  place.   The  key  elements  of  this  alternative  are: 

1)         constructing  a  levee  to  isolate  excavation  sites  from  the  Clark  Fork  River; 
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2)  constructing  a  system  of  trenches  and  pumps  to  dewater  reservoir  sediments; 

3)  constructing  a  treatment  plant  to  treat  water  removed  from  reservoir 
sediments; 

4)  excavating  reservoir  sediments; 

5)  disposing  of  excavated  sediments  at  a  constructed  repository; 

6)  periodic  reexcavation  of  redeposited  sediments;  and 

7)  natural  recovery 

This  alternative  contemplates  complete  removal  of  6,600,000  cubic  yards  of 
contaminated  reservoir  sediments.   Removal  would  proceed  as  under  Alternative  lOA,  by 
construction  of  a  levee  and  other  infrastructure  to  dewater,  excavate,  and  dispose  of  reservoir 
sediments.   As  under  Alternative  lOA,  sediments  would  be  disposed  of  at  a  nearby 
repository.    Wetlands  within  the  reservoir  that  are  removed  during  excavation  would  return 
over  time  as  sediment  redeposition  creates  conditions  favorable  for  their  development. 

Despite  the  level  of  effort  contemplated  by  this  alternative,  it  is  unlikely  that  one 
hundred  percent  of  the  contaminated  sediment  would  be  removed.    Some  amount  of 
contaminated  sediments  would  likely  remain  within  and  on  top  of  the  underlying  coarse 
grained  alluvial  floodplain.   Notwithstanding  the  limited  amount  of  contamination  remaining 
and  the  fact  that  sediment  redeposition  will  begin  immediately,  the  high  permeability  of 
reservoir  sediments  and  underlying  floodplain  alluvium,  coupled  with  the  large  volume  of 
groundwater  flowing  through  the  area,  creates  favorable  conditions  for  the  substantial 
recovery  of  groundwater,  at  least  in  the  near-term.   Immediately  following  sediment 
excavation,  contaminant  concentrations  in  groundwater  would  decrease  markedly.   Drinking 
water  standards  could  be  achieved  in  a  period  of  several  months  following  removal. 

As  noted,  immediately  following  excavation  redeposition  will  begin.   Based  on  recent 
studies,  approximately  75,000  cubic  yards  of  sediment  presently  enter  the  reservoir  system. 
Thus,  the  existing  volume  of  reservoir  sediments  (6.6  million  cubic  yards)  could  be  replaced 
in  about  90  years.    Over  time,  as  the  reservoir  filled  in,  groundwater  quality  would  slowly 
degrade.   The  severity  of  contamination  would  likely  be  less  than  presently  exists  because 
redeposited  sediments  would  be  less  contaminated  than  those  excavated.   However, 
redeposited  contaminated  sediments  would  threaten  recovery  to  drinking  water  standards. 
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Therefore,  this  alternative  proposes  a  one-time  reexcavation  of  reservoir  sediments  in  90 
years  to  address  sediment  redeposition  and  the  likelihood  of  groundwater  recontamination. 

Similarly,  redeposition  will  prevent  groundwater  from  returning  to  baseline  in  the 
same  length  of  time  as  under  Alternative  lOA.   In  the  century  following  reexcavation,  the 
reservoir  will  again  fill  in.  In  the  end,  natural  recovery  will  be  required  to  remove  residual 
contamination  from  the  Milltown  Reservoir.    Baseline  might  not  be  achieved  for  centuries, 
but  in  any  event,  the  time  to  baseline  would  be  less  than  it  would  be  in  the  reservoir's 
present  condition. 

10.5.4  Alternative  IOC 

This  alternative  would  remove  sediments  from  source  areas  in  Milltown  Reservoir  to 
reduce  releases  of  hazardous  and  associated  substances  to  groundwater.   The  key  elements  of 
this  alternative  are: 

1)  constructing  a  levee  to  isolate  excavation  sites  from  the  Clark  Fork  River; 

2)  constructing  a  system  of  trenches  and  pumps  to  dewater  reservoir  sediments; 

3)  constructing  a  treatment  plant  to  treat  water  removed  from  reservoir 
sediments; 

4)  excavating  reservoir  sediments  in  Areas  I,  II  and  III; 

5)  disposing  of  excavated  sediments  at  a  constructed  repository; 

6)  periodic  reexcavation  of  redeposited  sediments;  and 

7)  natural  recovery. 

This  alternative  contemplates  complete  removal  of  3,880,000  cubic  yards  of 
contaminated  reservoir  sediments  left  in  place  by  the  remedy.   Sediments  would  be  excavated 
from  those  areas  (areas  I,  II,  and  III)  that  are  generally  contiguous  with  the  extent  of  the 
arsenic,  iron  and  manganese  plumes.    Removal  would  proceed  as  under  Alternative  lOA,  by 
construction  of  a  levee  and  other  infrastructure  to  dewater,  excavate,  and  dispose  of  reservoir 
sediments.    As  under  Alternative  lOA,  sediments  would  be  disposed  of  at  a  nearby 
repository.   Wetlands  within  the  reservoir  that  are  removed  during  excavation  would  return 
over  time  as  sediment  redeposition  creates  conditions  favorable  for  their  development. 
Despite  the  level  of  effort  contemplated  by  this  alternative,  a  large  volume  of  contaminated 
sediment  (2,272,000  cubic  yards)  would  remain  in  Areas  IV  and  V  and  contaminated 
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sediment  would  remain  within  and  on  top  of  the  underlying  coarse  grained  alluvial  floodplain 
in  Areas  I,  11  and  III.   Notwithstanding  this  substantial  amount  of  remaining  contamination, 
the  high  permeability  of  reservoir  sediments  and  underlying  floodplain  alluvium,  coupled 
with  the  large  volume  of  groundwater  flowing  through  the  area,  will  create  favorable 
conditions  for  substantial  recovery.    Within  several  months  following  sediment  excavation, 
contaminant  concentrations  in  groundwater  would  decrease  markedly.   Drinking  water 
standards  could  be  achieved  in  several  years  following  removal. 

As  under  Alternative  lOB,  excavated  areas  will  begin  filling  in  as  sediments  in  the 
Clark  Fork  River  and  reservoir  sediments  in  Areas  IV  and  V  migrate  downstream.   It  is 
estimated  that  excavated  areas  would  fill  in  about  50  years  (compared  to  100  years  in 
Alternative  lOA)  because  the  volume  of  excavated  sediments  is  substantially  less  than  in 
Alternative  lOB,  and  a  greater  volume  of  sediments  will  remain  in  place  adjacent  to  the 
excavated  area.    Over  time,  groundwater  quality  would  slowly  degrade  as  the  reservoir  filled 
in.   Compared  to  Alternative  lOB,  there  is  a  greater  risk  of  groundwater  recontamination  due 
to  sediment  redeposition  because  redeposited  sediments  will  be  more  contaminated  than  those 
under  Alternative  lOB.   Because  redeposited  sediments  would  threaten  recovery  to  drinking 
water  standards,  this  alternative  proposes  two  reexcavations  of  reservoir  sediments  (in  50  and 
100  years)  to  address  sediment  redeposition  and  the  likelihood  of  groundwater 
recontamination. 

Similarly,  redeposition  will  prevent  groundwater  from  returning  to  baseline  in  the 
same  length  of  time  as  under  Alternative  lOB.   After  the  final  removal  action,  the  reservoir 
will  again  fill  in.   In  the  end,  natural  recovery  will  be  required  to  remove  residual 
contamination  from  the  Milltown  Reservoir.   Although  baseline  might  not  be  achieved  for 
centuries,  the  time  to  baseline  would  be  less  than  the  time  to  baseline  given  the  present 
condition  of  the  reservoir,  but  greater  than  in  Alternative  lOB  due  to  the  greater  degree  of 
contamination  associated  with  redeposited  sediments. 

10.5.5  Alternative  lOD 

This  alternative  would  remove  sediments  from  a  major  source  area  in  Milltown 
Reservoir  (Area  I)  to  reduce  releases  of  hazardous  and  associated  substances  to  groundwater. 
The  key  elements  of  this  alternative  are: 
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1)  constructing  a  levee  to  isolate  the  excavation  site  from  the  Clark  Fork  River; 

2)  constructing  a  system  of  trenches  and  pumps  to  dewater  reservoir  sediments; 

3)  constructing  a  treatment  plant  to  treat  water  removed  from  reservoir 
sediments; 

4)  excavating  reservoir  sediments  in  Area  I; 

5)  disposing  of  excavated  sediments  at  a  repository;  and 

6)  backfilling  the  excavated  area  with  clean  material. 

This  alternative  contemplates  the  removal  of  2,640,000  cubic  yards  of  contaminated 
reservoir  sediments.    Sediments  would  be  excavated  from  Area  I,  which  is  generally 
coincident  with  the  severest  arsenic  porewater  contamination.   Removal  would  proceed  as 
under  Alternative  lOA,  by  construction  of  a  levee  and  other  infrastructure  to  dewater, 
excavate,  and  dispose  of  reservoir  sediments.    As  under  Alternative  lOA,  sediments  would  be 
disposed  of  at  a  nearby  repository.   The  excavated  area  would  be  backfilled  to  the  existing 
topography  with  clean  material.   Wetlands  within  the  reservoir  that  are  removed  during 
excavation  would  return  over  time. 

Despite  the  level  of  effort  contemplated  by  this  alternative  a  large  volume  of 
contaminated  sediment  (3,960,000  cubic  yards)  would  remain  in  Areas  II,  III,  IV  and  V  in 
addition  to  the  contaminated  sediment  that  would  remain  within  and  on  top  of  the  underlying 
coarse  grained  alluvial  floodplain  in  Area  I.   Notwithstanding  this  substantial  amount  of 
remaining  contamination,  recovery  times  under  this  alternative  would  be  similar  to  those 
under  Alternative  IOC  because  of  removal  of  the  most  highly  contaminated  reservoir 
sediments,  combined  with  the  high  permeability  of  reservoir  sediments  and  underlying 
floodplain  alluvium,  and  the  large  volume  of  groundwater  flowing  through  the  area.    Due  to 
the  greater  amount  of  contamination  remaining  in  place  under  this  alternative  compared  to 
Alternative  IOC,  however,  recovery  to  drinking  water  standard  would  be  expected  to  take 
somewhat  longer,  perhaps  several  years  longer. 

Backfilling  with  clean  material  will  prevent  the  resedimentation  of  excavated  areas 
with  unexcavated,  contaminated  reservoir  sediments  and  contaminated  sediments  from  the 
basin  upstream,  and  will  obviate  the  need  for  sediment  reexcavation  in  the  future.   This  will 
greatly  reduce,  if  not  eliminate,  the  risk  of  groundwater  recontamination  in  the  future. 
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10.5.7  Alternative  lOE 

Under  this  alternative,  no  further  action  is  taken  at  the  site  beyond  CERCLA  response 
actions.   Groundwater  will  remain  injured  until  natural  processes  remove  contaminants  from 
reservoir  sediments  through  the  groundwater  system. 

The  amount  of  contamination  within  the  reservoir  sediments  has  been  calculated  for 
arsenic  (2100  tons),  iron  (143,900  tons)  and  manganese  (9200  tons).   Assuming  that  the 
natural  flux  of  contaminants  out  of  reservoir  sediments  remains  at  its  present  level,  iron 
contamination  would  be  depleted  in  approximately  220  years  (approximately  3,550  pounds 
per  day  are  removed  from  the  system).    However,  contaminant  flux  will  not  remain  constant 
over  time  but  will  decrease  as  sediment  contamination  decreases.   Natural  recovery  of 
injured  groundwater  to  baseline  conditions  will  occur  over  hundreds  to  thousands  of  years. 

10.6  Evaluation  of  Alternatives 
10.6.1   Technical  Feasibility 

All  the  action  alternatives  target  sediment  removal.    All  are  technically  feasible  in  this 
regard.   In  other  words,  all  of  the  alternatives  will  be  able  to  accomplish  this  task  through 
the  application  of  standard  construction  techniques  such  as  the  construction  of  dikes  for 
dewatering  purposes. 

Dam  removal  as  proposed  by  Alternative  lOA  is  technically  feasible.   The  dam  is  not 
large,  is  old,  and  may  not  be  particularly  stable.   Removal  should  present  no  technical 
problems.   Dam  removal  options  are  being  considered  elsewhere  in  the  country. 

There  may  be  a  difference  between  the  alternatives  with  regard  to  whether  the 
alternatives  have  a  reasonable  chance  of  being  successfully  completed.   Differences  between 
the  alternatives  may  exist  due  to  issues  related  to  resedi mentation  of  the  reservoir  after 
excavation.   This  is  not  an  issue  for  Alternative  lOA  because  there  is  no  dam  and  reservoir 
with  this  alternative  or  for  Alternative  lOD  because  it  calls  for  backfilling.   Alternatives  lOB 
and  IOC,  however,  acknowledge  that  resedimentation  may  occur.   Both  alternatives  call  for 
reexcavation  in  a  number  of  years  in  the  event  of  recontamination.   Alternative  lOB  proposes 
a  one-time  reexcavation  in  year  90.    Alternative  IOC  proposes  to  reexcavate  twice,  at  years 
50  and  100.   While  it  is  uncertain  if  recontamination  of  groundwater  will  occur  with 
resedimentation,  the  flip  side  is  also  true.   That  is,  it  is  uncertain  whether  groundwater  will 
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again  become  contaminated  even  after  the  reservoir  has  been  reexcavated  once  or  twice. 

10.6.2  Cost-effectiveness 

Distinctions  between  the  alternatives,  for  the  most  part,  cannot  be  made  solely  on 
cost-effectiveness  grounds  because  they  produce  different  levels  of  benefits.   Removal  of  all 
the  reservoir  sediments  and  the  removal  of  the  dam  as  proposed  by  Alternative  lOA  will 
result  in  restoration  to  baseline  within  two  or  three  years  and  a  return  to  drinking  water 
standards  in  a  fe^'  months.   Furthermore,  this  alternative  would  eliminate  the  potential  for 
adverse  impacts  to  resources  downstream  from  a  flood  causing  scour  of  reservoir  sediments 
or  a  massive  release  of  reservoir  sediments.    Under  Alternative  lOB  removal  of  all  reservoir 
sediments  would  result  in  a  return  to  drinking  water  standards  in  several  months.   With  the 
dam  in  place,  however,  the  reservoir  will  slowly  begin  to  fill  back  in  and  groundwater 
quality  will  likely  slowly  degrade.    Leaving  the  dam  in  place  necessitates  reexcavation  and 
will  lengthen  the  time  for  restoration  to  baseline.    Only  a  portion  of  the  reservoir  sediments 
are  removed  under  Alternative  IOC  and  the  dam  is  left  in  place.   This  results  in  an  increase 
in  the  time  required  to  return  to  drinking  water  standards  over  the  other  alternatives,  an 
increase  in  the  time  for  restoration  to  baseline,  and  necessitates  allowing  for  the  possibility 
for  two  reexcavations.    Alternative  lOD  does  achieve  roughly  the  same  level  of  benefits  as 
Alternative  30C,  at  least  in  terms  of  recovery  times.    Other  factors  also  appear  to  be 
basically  equivalent  as  between  these  two  alternatives.   So,  if  the  choice  was  to  come  down 
to  Alternatives  IOC  or  lOD,  Alternative  lOD  would  likely  be  chosen  on  cost-effectiveness 
grounds.    Alternative  lOE  produces  a  different  level  of  benefits  than  the  other  alternatives. 
Under  this  alternative  restoration  and  recovery  are  not  hastened,  but  are  expected  to  take 
hundreds  to  thousands  of  years. 

10.6.3  Results  of  Response  Actions 

The  response  actions  that  have  occurred  and  are  anticipated  to  occur  at  Milltown  will 
not  restore  injured  resources  and  will  leave  significant  residual  injury.   The  restoration 
alternatives  were  designed  to  address  the  residual  injury  and  to  improve  the  condition  of 
injured  resources. 
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10.6.4  Potential  for  Additional  Injury 

There  is  a  potential  for  significant  environmental  impacts  associated  with  removing 
Milltown  reservoir  sediments.   Since  all  the  action  alternatives  share  this  element,  the 
significance  of  the  risk  is  roughly  equivalent  as  between  them,  and  does  not  apply  at  all  to 
Alternative  lOE.    Specifically,  disturbance  of  the  highly  contaminated  sediments  in  the 
reservoir  could  remobilize  hazardous  substances  and  cause  significant  loadings  of  metals  to 
the  Clark  Fork  River.   Although  the  alternatives  would  be  designed  to  minimize  releases  of 
hazardous  substances,  it  appears  that  some  degree  of  release  would  occur.    What  is  uncertain 
is  the  relative  severity  of  such  a  release  and  its  effect  on  downstream  resources. 

Under  any  of  the  alternatives  excavation  work  would  occur  over  a  period  of  years. 
While  excavation  would  be  timed  to  avoid  periods  of  high  flow,  this  may  not  be  possible  in 
all  cases.    Consequently,  under  all  of  the  action  alternatives,  there  is  a  risk  that  a  high  flow 
event  would  physically  disturb  the  already  disturbed  excavation  area  and  cause  a  release  of 
sediments  and  contaminants  to  surface  water. 

There  is  also  a  potential  for  additional  injury  resulting  from  a  flood  that  scours 
reservoir  sediments  or  a  dam  break  connected  to  a  large  sediment  release.    Alternative  lOA 
is  qualitatively  different  from  the  other  alternatives  in  this  regard  because  it  calls  for 
excavation  of  all  contaminated  sediments  and  dam  removal.   The  potential  for  adverse 
impacts  to  downstream  resources  exists  with  respect  to  all  the  other  alternatives,  but  to 
varying  degrees.    Clearly,  the  more  highly  contaminated  sediment  is  removed,  the  less  this 
risk  becomes.    Alternative  lOE,  in  that  it  leaves  all  reservoir  sediment  in-place,  creates  the 
greatest  risk  in  this  regard.   In  the  event  of  a  dam  failure  and  concomitant  large  scale 
release,  impacts  to  downstream  resources  could  be  significant.   Balanced  against  this 
possibility  is  that  the  likelihood  of  such  an  event  occurring  has  been  estimated  at  more  than  1 
in  10,000. 

Another  risk  is  that  geochemical  conditions  in  the  reservoir  will  change  and  cause  the 
plume  to  migrate  downgradient,  possibly  to  reach  the  Missoula  aquifer.    Again,  depending 
on  the  level  of  removal,  the  potential  severity  of  such  an  event  varies  as  between  the 
alternatives.    Based  on  present  information,  however,  the  State  does  not  expect  plume 
migration  to  occur. 


10-14 


Sediment  excavation  under  the  alternatives  will  result  in  the  elimination  of  wetlands 
that  have  developed  in  the  reservoir.    Although  some  amount  of  wetlands  will  naturally 
return  after  implementation  of  any  of  the  alternatives,  the  disturbance  of  the  wetlands  in  the 
reservoir  will  adversely  impact  biological  resources  that  have  come  to  depend  on  the 
wetlands.   Under  Alternative  lOA,  the  lack  of  a  dam  will  prevent  the  wetlands  complex 
presently  associated  with  the  reservoir  from  reestablishing  itself.   Under  Alternative  lOD, 
backfilling  will  allow  a  functioning  wetlands  to  reestablish  sooner  than  would  be  the  case 
under  Alternatives  lOB  and  IOC,  which  must  rely  on  natural  resedimentation.    Under  both  of 
these  alternatives  reexcavation,  if  necessary,  will  disrupt  whatever  wetlands  have 
reestablished. 

Environmental  impacts  will  also  exist  due  to  the  need  to  construct  a  disposal  facility 
for  the  sediments.    Related  impacts  include  vehicle  emissions  from  hauling  the  sediment  to 
the  repository,  which  is  projected  to  be  within  10  miles  of  the  site.    Limited  impacts  will 
also  occur  as  a  result  of  the  need  to  obtain  borrow  material  for  backfilling  under  Alternative 
lOD. 

10.6.5  Natural  Recovery  and  the  Ability  of  the  Resource  to  Recover 

The  high  groundwater  flux  rate  at  Milltown  creates  relatively  favorable  conditions  for 
recovery  given  the  presence  of  over  6  million  cubic  yards  of  highly  contaminated  sediment. 
Still,  natural  recovery  under  Alternative  lOE  is  projected  to  take  hundreds  to  thousands  of 
years.    As  discussed  above,  removal  of  sediments  could  significantly  shorten  the  time  it 
would  take  to  reach  drinking  water  standards  and  to  reach  baseline. 

10.6.6  Human  Health  and  Safety 

There  is  virtually  no  difference  between  the  alternatives  with  regard  to  this  factor. 
Risks  to  human  health  and  safety,  to  the  extent  such  risks  exist,  will  be  minimized  by 
compliance  with  all  applicable  laws  and  regulations  governing  workplace  safety  and  by 
designing  and  implementing  the  alternatives  in  such  a  manner  as  to  ensure  that  the  public  is 
protected.    Since  Alternative  lOA  is  the  most  intensive  it  would  presumably  have  the  greatest 
degree  of  risk  associated  with  it.    Under  this  same  reasoning  Alternative  lOE  would  pose  the 
least  amount  of  risk  to  human  health  and  safety.   Risks  to  public  health  from  a  large  scale 
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release  of  reservoir  sediments  are,  based  on  present  knowledge,  not  expected  to  be 
significant. 

10.6.7  Federal.  State,  and  Tribal  Policies 

There  are  no  federal,  state,  or  tribal  policies  implicated  by  these  alternatives. 

10.6.8  Federal.  State,  and  Tribal  Laws 

All  alternatives  are  consistent  with  applicable  law.   Removal  of  the  Milltown  dam 
would  require  the  approval  of  the  Federal  Energy  Regulatory  Commission,  which  licenses 
the  Montana  Power  Company  hydroelectric  project  at  the  site.   Before  implementing  the 
alternatives,  the  State  would  obtain  all  necessary  permits  and  authorizations. 

10.6.9  Other  Relevant  Factors 

Removal  of  the  Milltown  dam  might  benefit  the  trout  fishery  in  the  Clark  Fork  River. 
In  making  this  determination,  however,  it  would  be  necessary  to  evaluate  the  value  of  the 
dam  as  a  barrier  to  non-native  species.  Removal  of  the  dam  would  also  alleviate  any  safety 
concerns  associated  with  the  structure.  It  is  unclear  what  position  Montana  Power  Company 
would  take  on  the  subject  of  dam  removal.  Finally,  the  Milltown  reservoir,  although  largely 
filled  in,  still  provides  some  recreational  and  public  amenities  that  a  river  would  not  provide. 
However,  the  converse  is  also  true. 

10.6.10  Cost-Benerit/Decisionmaking  Analysis 

The  costs  of  the  alternatives,  which  are  displayed  on  the  cost  sheets  contained  in  the 
Appendix,  are  as  follows:  Alternative  10A-$258.6  million;  Alternative  10B"$259  million; 
Alternative  10C--$190.5  million;  and  Alternative  10D--$134.2  million;  and  Alternative 
10E--$1.1  million.   Based  on  the  following  analysis,  and  informed  by  the  previous  discussion 
and  the  State's  knowledge  of  the  resource,  the  State  selects  Alternative  lOE. 

The  State's  decision  to  select  Alternative  lOE  was  based  on  the  high  costs  of  the 
action  alternatives,  while  considering  the  degree  of  environmental  risk  associated  with 
implementing  the  alternatives.    At  present,  the  State  is  not  assured  that  releases  of  hazardous 
substances  can  be  sufficiently  controlled.   Moreover,  the  high  flux  rate  at  this  site  should 
promote  natural  recovery. 

The  State  selected  Alternative  lOE  notwithstanding  the  significant  uncertainties 
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associated  with  the  site.    The  risk  of  plume  expansion  was  not  deemed  sufficiently  great  to 
justify  selecting  one  of  the  action  alternatives.    Similarly,  the  risk  to  downstream  resources 
from  either  a  hundred  year  flood  that  scoured  reservoir  sediments  or  a  mass  release  of 
sediments  was  deemed,  in  the  first  instance,  to  pose  not  a  significant  enough  risk  to 
downstream  resources  and,  in  the  second  instance,  to  be  sufficiently  improbable  as  to  its 
occurrence,  to  justify  taking  action. 

Uncertainties  associated  with  gaining  approval  for  dam  removal  also  militated  against 
the  selection  of  Alternative  lOA. 
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6.  Titan  Environmental  Corp.  1994,  Milltown  Reservoir  Sediments  Operable  Unit, 
Screening  of  Alternatives  Summary  Report.    Prepared  for  Atlantic  Richfield  Company. 

7.  Titan  Environmental  Corp.  1995a,  Milltown  Reservoir  Sediments  Operable  Unit. 
Final  Draft  Remedial  Investigation  Report.    Prepared  for  ARCO.    February,  1995. 

8.  Titan  Environmental  Corp.  1995b,  Milltown  Reservoir  Sediments  Operable  Unit. 
Addendum  to  the  Draft  Final  Screening  of  Alternatives  Summary  Report.  Prepared  for 
ARCO.    August,  1995. 


11-13 


9.        U.S.  Environmental  Protection  Agency,  Region  8,  Montana  Office,  Milltown 
Reservoir  Superfund  Site  Report,  EPA/MDHES.    July  1992. 


10.  U.S.  Environmental  Protection  Agency,  Region  8,  Montana  Office,  Milltown 
Reservoir  Superfund  Site  Report,  Risk  Assessment  Update.    August,  1993. 

11.  Woessner,  William  W.    1995.    Milltown  Groundwater  Injury  Assessment  Report. 
Clark  Fork  Natural  Resource  Damage  Assessment.    University  of  Montana.    Missoula, 
Montana. 


11-14 


APPENDIX 


INTRODUCTION 

The  following  tables  display  cost  estimates  for  each  alternative  listed  in  the  plan.   Explanatory 
notes  follow  each  table. 

Costs  were  estimated  for  the  foregoing  alternatives  by  utilizing  the  cost  estimating  methodologies 
identified  in  the  DO!  regulations.   Among  the  methodologies  utilized  to  derive  cost  estimates  are: 
1)  comparison  methodology  (43  CFR  §11.83(b)(2)(i)),  2)  unit  methodology  (43  CFR 
§11.83(b)(2)(ii)),  and  3)  standard  time  data  methodology  (43  CFR  §11.83(b)(2)(v)). 

fii  particular,  estimates  were  derived  from  the  following  general  sources: 


1)  Unit  rates  presented  in  ARCO  documents; 

2)  Actual  market  prices; 

3)  Estimated  unit  costs  for  work  in  the  basin  after  verification  for  reasonableness; 

4)  Actual  unit  costs  for  work  outside  the  basin; 

5)  Costs  for  similar  construction  activities  reported  in  the  literature,  vendor  quotes, 
or  experience  and  judgment;  and 

6)  The  1995  Means  Cost  Guide  for  site  work  and  landsc^ing. 


The  level  of  costing  provided  on  the  tables  is  of  a  feasible  or  conceptual  level.   As  is  typical  at 
this  level  of  costing,  uncertainty  exists.   However,  it  is  believed  that  the  costs  are  accurate  to 
within  -30  percent  to  +50  percent  of  the  actual  cost. 

The  tables  contain  nine  columns.   The  description  column  identifies  the  particular  work  item  to 
be  costed.   The  next  column  breaks  the  work  items  into  units  and  identifies  the  quantity  of  work 
to  be  undertaken  per  year.   The  third  column  is  the  unit  cost.    Next,  the  cost  of  the  work  item  in 
1995  dollars  is  displayed. 

The  fifth  column  identifies  the  years  that  work  would  occur.   Year  one  is  1998,  the  year  the  plan 
is  likely  to  be  implemented.   Work  is  assumed  to  begin  no  sooner  than  the  year  after  the  ruling 
of  the  Court.   The  work  schedule  also  reflects  the  anticipated  schedule  of  response  actions  due  to 
the  intention  of  the  Natural  Resource  Damage  Litigation  Program  that  remedy  and  restoration  be 
coordinated.   Work  will  be  phased  in  order  to  take  into  account  other  actions  at  the  site  or 
elsewhere  in  the  basin.   The  length  of  time  to  implement  a  particular  item  is  based  on  what  is 


reasonable  under  the  circumstances. 

The  sixth  column  identifies  the  present  worth  of  the  work  item  based  on  a  discoimt  rate  of  three 
percent  as  established  in  the  DOI  regulations  (43  CFR  §11. 84(e)(2))  (see  below  for  additional 
discussion  on  the  ^propriate  discount  rate). 

The  seventh  column  presents  the  total  cost  of  the  alternative. 

The  eight  column  presents  the  source  of  the  unit  cost.   Citations  are  provided  on  Table  1  A. 

The  last  column  presents  the  source  of  the  volume/quantity  (Column  2).   Citations  are  keyed  to 
the  references  (see  Chapter  11)  for  the  specific  resource  area. 

The  costs  are  divided  into  three  categories:    1)  direct  cost;   2)  indirect  cost;  and  3)  operation  and 
maintenance,  and  monitoring.   The  direct  cost  includes  normal  construction  activities  and  have 
been  discounted  to  reflect  the  schedule  and  the  anticipated  date  of  the  Court's  ruling. 

The  indirect  costs  consist  of  mobilization/demobilization,  engineering  and  design,  construction 
overhead,  and  contingency.   The  rates  of  the  indirect  costs  are  based  on  a  percentage  of  the 
discounted  direct  cost.   The  percentages  for  all  indirect  costs  except  contingencies  are  taken  from 
ARCO,  1994.   The  percentages  of  the  contingency  is  based  on  judgment. 

Mobilization  and  demobilization  ranged  from  three  to  five  percent.   Larger  projects  had 
mobilization/demobilization  at  three  percent.   Smaller  projects  has  mobilization/demobilization  at 
five  percent. 

Engineering  and  design  costs  were  set  at  15  percent.   These  costs  include  engineering,  design, 
oversight,  and  administration  of  the  construaion. 

Construction  overhead  ranged  from  three  to  15  percent.   This  cost  item  is  utilized  by  ARCO  in 
its  cost  estimating  documents.   It  includes  miscellaneous  construction  items  such  as  fencing, 
culverts,  site  security,  equipment,  maintenance,  etc.   Higher  percentages  were  assigned  to 
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alternatives  that  would  take  place  over  large  geographic  areas  or  where  work  was  performed  in 
relatively  urban  areas. 

Contingency  was  set  at  20  to  30  percent.   The  contingency  cost  represents  normal  uncertainty  in 
the  costing  of  the  alternatives.   Alternatives  that  entailed  the  removal  of  tailings  and/or  sediments 
were  assigned  contingencies  of  30  percent.   This  was  done  because  experience  in  the  basin  and 
other  sites  has  shown  that  final  excavation  volumes  are  typically  larger  than  the  original 
estimates.   All  other  alternatives  were  assigned  contingencies  of  20  percent,  a  value  typical  for 
this  level  of  costing. 

Operation  and  maintenance  costs  begin  after  construction  is  complete.   The  O&M  costs  were 
discounted  from  the  completion  of  construction  to  the  year  2045  (50  years  from  1995). 
Monitoring  costs  are  included  under  the  O&M  category. 

For  alternatives  that  entailed  construction,  monitoring  consisted  of  three  categories  as  follows: 


1)  Trustee  oversight  during  construction; 

2)  Short-term  resource  monitoring;  and 

3)  Long-term  resource  monitoring. 


These  three  categories  of  monitoring  are  necessary  to  assure  that  the  restoration  is  performed 
properly,  and  to  evaluate  and  track  the  recovery  of  the  resource.   Trustee  oversight  during 
construction  would  consist  of  the  review  of  design  documents,  preparation  of  written  comments, 
and  periodic  site  visits.   Resource  monitoring  would  consist  of  periodic  monitoring  of:    surface 
water,  groundwater,  terrestrial,  and  aquatic  resources.   Resource  monitoring  is  divided  into  short- 
term  and  long-term.    Short-term  monitoring  is  assigned  a  higher  level  of  effort  and  cost  than 
long-term  monitoring  because  of  the  need  to  determine  existing  conditions  against  which  later 
improvements  in  the  conditions  of  the  resources  would  be  measured. 

For  alternatives  that  do  not  entail  construction  (natural  recovery),  Trustee  oversight  during 
construction  would  not  be  required.   Consequently,  monitoring  for  natural  recovery  alternatives 
would  be  limited  to  resource  monitoring. 
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Following  this  set  of  tables,  there  is  another  set  of  tables.   These  tables  comprise  the  State  of 
Montana's  selected  alternatives.   The  costs  in  these  tables  will,  however,  reflect  1997  dollars,  not 
1995  dollars  and  will  be  adjusted  for  inflation. 

An  inflation  factor  of  3.0%  is  used  in  this  report  to  determine  restoration  damages  as  of 
January  1,  1997.   (This  date  was  used  based  upon  Montana's  assumption  that  the  NRD  lawsuit 
will  go  to  trial  and  be  concluded  during  the  first  six  months  of  1997.)  This  report  also  uses  a 
real  discount  rate  of  3.0%  in  order  to  determine  the  present  value  of  restoration  costs  which  are 
expected  to  be  incurred  some  time  after  January  1,  1997. 

The  use  of  this  inflation  rate  and  discount  factor  is  based,  in  part,  upon  the  United  States  Office 
of  Management  Budget  (0MB)  Circular  A-94,  revised  October  29,  1992  and  particularly  upon 
Appendix  C,  thereto,  entitled,  "Discount  Rates  for  Cost  Effectiveness,  Lease  Purchase  and 
Related  Analysis,"  which  was  last  revised  January  1995.'  The  OMB  Circular  is  referenced  in 
the  Department  of  Interior  regulations  relating  to  natural  resource  damage  assessments,  43  CFR, 
Pan  11,  Section  11.84(e).   It  should  be  noted  that  the  latest  Appendix  C  to  the  OMB  Circular 
recommends  using  real  interest  rates  ranging  from  4.2  (for  3-year  maturities)  to  4.8  for  10-year 
maturities).   These  rates  are  considerably  higher  than  the  rates  in  the  preceding  year  OMB 
forecast,  where  the  corresponding  rates  were  2.1  and  2.7  respectively.   The  inflation  factor 
implied  by  the  corresponding  reported  nominal  rate  is  3%.   An  inflation  rate  of  3%  appears 
reasonable  for  the  foreseeable  future.    (The  most  current  annual  change  in  the  Consumer  Price 
Index,  for  the  year  ending  September  1995,  is  2.5%.)   However,  current  Treasury  bond  rates  for 
a  5-year  mauirity  have  dropped  considerably  in  recent  months  and  are  now  consistent  with  a  real 
rate  of  3.2%.   The  latter  is  also  more  representative  of  the  recent  five  and  ten  year  average  real 
rates  for  these  securities.    Instead  of  using  the  rates  published  January  1995,  the  report  uses  a 
real  interest  rate  of  3.0%  as  a  rounded  estimate  of  what  Appendix  C  will  provide  as  to  5-year 
maturities  when  it  is  revised  in  January  1996.   The  report  uses  a  constant  maturity  of  five  years, 
rather  than  a  variable  one,  for  simplicity  of  calculation. 

It  should  be  noted  that  the  cost  estimates  may  be  once  again  revised  in  or  about  January  1997  to 


'  Expert  testimony  supporting  the  use  of  these  inflation  and  discount  rates,  and  subsequent  revisions  thereof, 
will  be  offered  by  Dr.  John  Duffield. 

iv 


reflect  varying  maturities  and  the  inflation  and  interest  rates  set  forth  in  the  0MB  Circular  at  that 
time. 

The  procedure  for  discounting  restoration  costs  used  in  this  report  is  consistent  with  the 
proposed  natural  resource  damage  assessment  regulations,  (see  §990.63)  and  the  discussion  of 
this  issue  in  the  preamble  of  the  regulations.   The  intent  of  these  procedures  is  to  allow  trustees 
to  discount  at  a  rate  that  closely  approximates  the  actual  yield  available  to  the  trustee  in  its 
restoration  account.   The  intended  outcome  is  that  the  estimated  restoration  cost  lump  sum  in  the 
present  is  just  adequate  to  cover  future  planned  expenditures  at  the  time  and  scale  they  are 
incurred. 

It  is  noteworthy  that  a  3.0%  future  inflation  rate  and  a  3.0%  future  discount  are  also  used  by 
ARCO's  experts,  Drs.  William  Desvousges  and  Stephen  Waters,  in  several  of  their  reports, 
submitted  in  July  1995  in  response  to  Montana's  expert  reports.^   However,  these  experts 
recommend  this  discount  rate  for  application  to  compensable  values  (individual  welfare  changes), 
in  addition  to  restoration  costs;  and  this  rate  is  derived  from  the  atertax  return  on  20  year  bonds. 


^  Report  on  Potential  Economic  Losses  Associated  with  Recreation  Services  in  the  Upper  Clark  Fork  River 
Basin,  section  8.2  and  Appendix  D,  section  D.3;  Additional  Economic  Critique  of  the  State  of  Montana's 
Damage  Estimates,  page  2  (the  present  value  of  future  restoration  costs  are  calculated  using  the  predicted  future 
discount  rate  of  2.99%);    P-port  on  Potential  Economic  Losses  Associated  with  Groundwater,  page  26. 
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BUTTE  HILL  -  ALTERNATIVE  2A 

1)  Reservoir  construction  costs  $1,500  per  acre  foot.    Leasing  water  to  operate  reservoir  costs  $69  per  acre 

foot. 


2)  Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.  No  restoration  is 

accomplished  under  this  alternative.  Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
Preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groimdwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  after  the  ROD  5  year  review.  After  five  additional 
years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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BUTTE  HILL  -  ALTERNATIVE  2C 

Monitoring  will  occur  as  described  in  Alternative  2A. 
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AREA  ONE  -  ALTERNATIVE  3A 

Restoration  actions  would  be  coordinated  with  response  actions  under  the  Emergency  Removal  Action  (ERA)  at 
Lower  Area  One  (LAO)  and  the  Butte  Priority  Soils  Operable  Unit  (BPSOU)  Record  of  Decision  (ROD). 
Excavation  of  tailings  at  LAO  will  begin  in  the  year  1998,  approximately  one  year  prior  to  the  completion  of  tailings 
removal  imder  the  ERA.  Two  years  of  groundwater  data  will  be  collected  for  designing  a  groundwater  management 
system  (2000  -  2001).  Design  and  implementation  of  the  groundwater  management  system  and  the  site  reclamation 
plan  is  anticipated  to  occur  over  the  following  three  years  (2002  -  2004).  Response  actions  under  the  ERA  would 
be  fully  implemented  in  the  year  2004.  Response  actions  for  stormwater  runoff  would  occur  under  the  Butte 
Priority  Soils  Operable  Unit  (BPSOU)  Record  of  Decision  (ROD).  The  BPSOU  ROD  is  anticipated  in  the  year 
1997.    Completion  of  the  BPSOU  remedy  is  anticipated  in  the  year  2004. 

1)  Excavation  of  the  BRW  tailings  would  begin  in  the  year  1998.  Tailings  excavation  would  occur  over  4 
years  (1998  -  2001).    The  volume  of  excavated  material  is  800,000  cubic  yards  (CY). 

2)  Excavation  of  the  Parrot  Tailings  would  begin  in  1998.  Excavation  would  include  190,000  CY  of  tailings 
and  840,000  CY  of  overburden.  Excavation  would  occur  over  three  years  (1998  -  2000).  The  city-county 
shop  complex  would  be  reconstructed  in  1999,  prior  to  removal  of  the  existing  complex.  Removal  of  the 
existing  complex  would  occur  in  the  year  2000  to  facilitate  excavation  of  overburden  and  tailings. 

3)  Excavation  of  the  Metro  Storm  Drain  (MSD)  tailings  would  occur  in  1998.  Excavation  would  include 
77,000  CY  of  tailings  and  1 12,000  CY  of  overburden. 

4)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  30  miles  to  the  Anaconda  and/or 
Opportunity  Ponds.  Hauling  and  disposal  will  occur  in  the  same  years  as  excavation.  Hauling  volumes 
have  been  expanded  by  20%  to  account  for  swell  or  "fluff  after  excavation. 

5)  Excavated  areas  will  be  backfilled  and  contoured.  Stockpiled  overburden  will  be  used  for  backfilling  the 
Parrot  Tailings  site.  The  Butte  Reduction  Works  area  will  be  backfilled  with  clean  imported  material. 
Backfill  volumes  are  equivalent  to  the  volumes  excavated.  The  Metro  Storm  Drain  area  will  be  backfilled 
with  clean  imported  material  and  stockpiled  overburden.  Backfilling  will  occur  in  the  same  years  as 
excavation. 

6)  The  groundwater  interception  trench  would  be  constructed  along  the  Metro  Storm  Drain  and  Silver  Bow 
Creek  from  Harrison  Avenue  to  the  Colorado  Tailings  in  the  year  2004. 

7)  The  treatment  facility  constructed  imder  the  LAO  ERA  would  be  expanded  to  treat  2.25  additional  cfs  (1 .45 
MOD)  of  groundwater.  A  discharge  line  6770  feet  long  would  transport  treated  water  back  to  the 
headwaters  of  Silver  Bow  Creek  (the  confluence  of  the  Metro  Storm  Drain  and  Blacktail  Creek). 
Construction  of  the  treatment  facility  is  anticipated  in  the  year  2004.  Operation  and  maintenance  (O  &  M) 
costs  for  the  treatment  facility  include  water  quality  monitoring,  electricity,  personnel,  and  periodic 
replacement  of  equipment.  Sludge  disposal  costs  are  based  solely  on  the  volume  of  water  treated  under 
restoration  (2.25  cfs). 

8)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.    The  cost  of 


short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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AREA  ONE  -  ALTERNATIVE  3B 

Restoration  actions  would  be  coordinated  with  response  actions  under  the  Emergency  Removal  Action  (ERA)  at 
Lower  Area  One  (LAO)  and  the  Butte  Priority  Soils  Operable  Unit  (BPSOU)  Record  of  Decision  (ROD). 
Excavation  of  tailings  at  LAO  will  begin  in  the  year  1998,  approximately  one  year  prior  to  the  completion  of  tailings 
removal  under  the  ERA.  Two  years  of  groundwater  data  will  be  collected  for  designing  a  groundwater  management 
system  (2000  -  2001).  Design  and  implementation  of  the  groundwater  management  system  and  the  site  reclamation 
plan  is  anticipated  to  occur  over  the  following  three  years  (2002  -  2004).  Response  actions  under  the  ERA  would 
be  fully  implemented  in  the  year  2004.  Response  actions  for  stormwater  runoff  would  occur  under  the  Butte 
Priority  Soils  Operable  Unit  (BPSOU)  Record  of  Decision  (ROD).  The  BPSOU  ROD  is  anticipated  in  the  year 
1997.    Completion  of  the  BPSOU  remedy  is  anticipated  in  the  year  2004. 

1)  Excavation  of  the  Parrot  Tailings  would  begin  in  1998.  Excavation  would  include  190,000  CY  of  tailings 
and  840,000  CY  of  overburden.  Excavation  would  occur  over  three  years  (1998  -  2000).  The  city-county 
shop  complex  would  be  reconstructed  in  1999,  prior  to  removal  of  the  existing  complex.  Removal  of  the 
existing  complex  would  occur  in  the  year  2000  to  facilitate  excavation  of  overburden  and  tailings. 

2)  Excavation  of  the  Metro  Storm  Drain  (MSD)  tailings  would  occur  in  1998.  Excavation  would  include 
77,000  CY  of  tailings  and  112,000  CY  of  overburden. 

3)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  30  miles  to  the  Anaconda  and/or 
Opportunity  Ponds.  Hauling  and  disposal  will  occur  in  the  same  years  as  excavation.  Hauling  volumes 
have  been  expanded  by  20%  to  account  for  swell  or  "fluff  after  excavation. 

4)  Stockpiled  overburden  will  be  used  for  backfilling  the  Parrot  Tailings  site.  The  excavated  Metro  Storm 
Drain  site  will  be  backfilled  with  clean  imported  material  and  stockpiled  overburden  equal  to  the  volume 
excavated.    Backfilling  will  occur  in  the  same  years  as  excavation. 

5)  The  groundwater  interception  trench  would  be  constructed  along  the  Metro  Storm  Drain  and  Silver  Bow 
Creek  from  Harrison  Avenue  to  the  Colorado  Tailings  in  the  year  2004. 

6)  The  treatment  facility  constructed  under  the  LAO  ERA  would  be  expanded  to  treat  2.25  additional  cfs  (1 .45 
MGD)  of  groundwater.  A  discharge  line  6770  feet  long  would  transport  treated  water  back  to  the 
headwaters  of  Silver  Bow  Creek  (the  confluence  of  the  Metro  Storm  Drain  and  Blacktail  Creek). 
Construction  of  the  treatment  facility  is  anticipated  in  the  year  2004.  Operation  and  maintenance  (O  &  M) 
costs  for  the  treatment  facility  include  water  quality  monitoring,  electricity,  personnel,  and  periodic 
replacement  of  equipment.  Sludge  disposal  costs  are  based  solely  on  the  volume  of  water  treated  under 
restoration  (2.25  cfs). 

7)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 


Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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AREA  ONE  -  ALTERNATIVE  3C 

Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.  Two  categories  of  monitoring 
are  summarized  as  follows: 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  in  year  one  and  would  continue  for  five  years. 
After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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SILVER  BOW  CREEK  -  ALTERNATIVE  4A 

Floodplain  and  streambed  excavation  would  begin  in  1998,  the  year  remedial  work  is  anticipated  to  begin.  All  work 
items  are  costed  over  5  years  (1998  -  2002). 

1)  The  volume  of  excavated  tailings/impacted  soils  ( 1 ,003 ,760  CY)  equals  the  volumes  in  Subarea  II  (240,000 
CY)  and  Subarea  IV  (763,760  CY)  that  would  have  been  STARS-treated  under  remedy. 

2)  22.6  miles  of  stream  channel  will  be  excavated.    The  volume  of  material  excavated  is  163,000  CY. 

3)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  10  miles  to  the  Anaconda  and/or 
Opportimity  Ponds.  Hauling  and  disposal  costs  for  floodplain  tailings  are  based  on  the  volume  excavated 
under  restoration,  plus  the  volume  excavated  under  remedy  that  would  have  been  disposed  of  in  local 
repositories  (1,499,640  CY).  The  total  volume  of  floodplain  material  that  will  be  disposed  of  is  2,503,400 
CY.  Hauling  and  disposal  costs  for  streambed  sediments  are  based  on  the  volume  excavated  under 
restoration  (163,000  CY)  plus  the  volume  excavated  under  remedy  (73,000  CY)  that  would  have  been 
disposed  of  in  local  repositories.  Hauling  and  disposal  costs  for  railbed  materials  are  based  on  the  volume 
excavated  under  remedy  (71,000  CY)  that  would  have  been  disposed  of  in  local  repositories.  Hauling 
volumes  have  been  expanded  by  20%  to  account  for  swell  or  "fluff  after  excavation. 

4)  The  amount  of  backfill  is  equal  to  30%  of  the  volume  of  material  excavated.  Backfill  would  be  applied 
to  Subarea  IV  only.  Based  on  763,760  CY  of  excavated  material,  the  volume  of  backfill  required  is 
229,128  CY. 

5)  Based  on  restoration  of  748  acres  to  a  baseline  riparian  wildlife  habitat  a  6-inch  cover  of  growth  media  will 
require  is  603,387  CY  (748  acres  x  43,560  square  ft/acre  x  0.5',  divided  by  27  cubic  feet  per  CY). 

6)  Revegetation  costs  are  based  on  restoring  748  acres  of  floodplain  to  25  %  shrub/forest  habitat  (187  acres) 
and  75%  grass/forbs  (agricultural)  habitat  (561  acres).  Costs  include  seed,  vegetation  and  labor. 
Revegetation  of  the  remaining  518  acres  will  be  accomplished  under  remedy. 

7)  The  volume  of  material  needed  to  backfill  the  excavated  streambed  is  163,000  CY,  equivalent  to  the 
volume  of  streambed  material  excavated.  Channel  bedforms  (runs,  riffles,  and  pools)  are  constructed 
during  backfilling  of  the  streambed.  Streambank  reconstruction  costs  are  based  on  reconstruction  of  22.6 
miles  of  stream  channel  to  40%  Type  2  banks,  40%  Type  3  banks,  and  20%  Type  4  banks.  (Type  2  banks 
require  the  least  amount  of  construction  effort;  Type  4  banks  require  the  greatest  amount  of  construction 
effort).  The  proportion  of  bank  types  is  typical  of  a  baseline  condition.  Streambank  reconstruction  costs 
are  adjusted  by  the  average  estimated  streambank  reconstruction  cost  under  remedy. 

8)  It  was  assumed  that  an  additional  five  miles  of  haul  roads  would  be  necessary  for  restoration  beyond  what 
would  be  constructed  under  remedy. 

9)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 


T  nn<,-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitonng  would  contmue  to 
the  year  2047. 
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SILVER  BOW  CREEK  -  ALTERNATIVE  4B 

Floodplain  and  streambed  excavation  would  begin  in  1998,  the  year  remedial  work  is  anticipated  to  begin.  All  work 
items  are  costed  over  5  years  (1998  -  2002). 

1)  The  volume  of  excavated  tailings/impacted  soils  is  763,760  CY,  the  volume  in  Subarea  IV  that  would  have 
been  STARS-treated  under  remedy. 

2)  22.6  miles  of  stream  channel  will  be  excavated.    The  volume  of  material  excavated  is  163,000  CY. 

3)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  10  miles  to  the  Anaconda  and/or 
Opportimity  Ponds.  Hauling  and  disposal  costs  for  floodplain  tailings  are  based  on  the  volume  excavated 
under  restoration,  plus  the  volume  excavated  under  remedy  that  would  have  been  disposed  of  in  local 
repositories  (1,499,640  CY).  The  total  volume  of  floodplain  material  that  will  be  disposed  of  is  2,263,400 
CY.  Hauling  and  disposal  costs  for  streambed  sediments  are  based  on  the  volume  excavated  under 
restoration  (163,000  CY)  plus  the  volume  excavated  under  remedy  (73,000  CY)  that  would  have  been 
disposed  of  in  local  repositories.  Hauling  and  disposal  costs  for  railbed  materials  are  based  on  the  volume 
excavated  under  remedy  (71,000  CY)  that  would  have  been  disposed  of  in  local  repositories. 

4)  The  amount  of  backfill  is  equal  to  30%  of  the  volume  of  material  excavated.  Based  on  763,760  CY  of 
excavated  material,  the  volume  of  backfill  required  is  229,128  CY. 

5)  Based  on  restoration  of  748  acres  to  a  baseline  riparian  wildlife  habitat  a  6-inch  cover  of  growth  media  will 
require  is  603,387  CY  (748  acres  x  43,560  square  ft/acre  x  0.5',  divided  by  27  cubic  feet  per  CY). 

6)  Revegetation  costs  are  based  on  restoring  748  acres  of  floodplain  to  25%  shrub/forest  habitat  (187  acres) 
and  75%  grass/forbs  (agricultural)  habitat  (561  acres).  Costs  include  seed,  vegetation  and  labor. 
Revegetation  of  the  remaining  518  acres  will  be  accomplished  under  remedy. 

7)  The  volume  of  material  needed  to  backfill  the  excavated  streambed  is  163,000  CY,  equivalent  to  the 
volume  of  streambed  material  excavated.  Channel  bedforms  (runs,  riffles,  and  pools)  are  constructed 
during  backfilling  of  the  streambed.  Streambank  reconstruction  costs  are  based  on  reconstruction  of  22.6 
miles  of  stream  channel  to  40%  Type  2  banks,  40%  Type  3  banks,  and  20%  Type  4  banks.  (Type  2  banks 
require  the  least  amount  of  construction  effort;  Type  4  banks  require  the  greatest  amount  of  construction 
effort).  The  proportion  of  bank  types  is  typical  of  a  baseline  condition.  Streambank  reconstruction  costs 
are  adjusted  by  the  average  estimated  streambank  reconstruction  cost  under  remedy. 

8)  It  was  assumed  that  an  additional  five  miles  of  haul  roads  would  be  necessary  for  restoration  beyond  what 
would  be  constructed  under  remedy. 

9)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 


T/^nP-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  contmue  to 
the  year  2047. 
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SILVER  BOW  CREEK  -  ALTERNATIVE  4C 

Floodplain  and  streambed  excavation  would  begin  in  1998,  the  year  remedial  work  is  anticipated  to  begin.  All  work 
items  are  costed  over  5  years  (1998  -  2002). 

1)  The  volume  of  excavated  tailings/impacted  soils  is  240,000  CY,  the  volume  in  Subarea  11  that  would  have 
been  STARS-treated  under  remedy. 

2)  22.6  miles  of  stream  channel  will  be  excavated.    The  volume  of  material  excavated  is  163,000  CY. 

3)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  10  miles  to  the  Anaconda  and/or 
Opportunity  Ponds.  Hauling  and  disposal  costs  for  floodplain  tailings  are  based  on  the  volume  excavated 
under  restoration,  plus  the  volume  excavated  under  remedy  that  would  have  been  disposed  of  in  local 
repositories  (1,499,640  CY).  The  total  volume  of  floodplain  material  that  will  be  disposed  of  is  1,739,640 
CY.  Hauling  and  disposal  costs  for  streambed  sediments  are  based  on  the  volume  excavated  under 
restoration  (163,000  CY)  plus  the  volume  excavated  under  remedy  (73,000  CY)  that  would  have  been 
disposed  of  in  local  repositories.  Hauling  and  disposal  costs  for  railbed  materials  are  based  on  the  volume 
excavated  under  remedy  (71,000  CY)  that  would  have  been  disposed  of  in  local  repositories. 

4)  No  backfilling  would  be  undertaken  for  Subarea  II. 

5)  Based  on  restoration  of  748  acres  to  a  baseline  riparian  wildlife  habitat  a  6-inch  cover  of  growth  media  will 
require  is  603,387  CY  (748  acres  x  43,560  square  ft/acre  x  0.5',  divided  by  27  cubic  feet  per  CY). 

6)  Revegetation  costs  are  based  on  restoring  748  acres  of  floodplam  to  25%  shrub/forest  habitat  (187  acres) 
and  75%  grass/forbs  (agricultural)  habitat  (561  acres).  Costs  include  seed,  vegetation  and  labor. 
Revegetation  of  the  remaining  518  acres  will  be  accomplished  under  remedy. 

7)  The  volume  of  material  needed  to  backfill  the  excavated  streambed  is  163,000  CY,  equivalent  to  the 
volume  of  streambed  material  excavated.  Channel  bedforms  (runs,  riffles,  and  pools)  are  constructed 
during  backfilling  of  the  streambed.  Streambank  reconstruction  costs  are  based  on  reconstruction  of  22.6 
miles  of  stream  channel  to  40%  Type  2  banks,  40%  Type  3  banks,  and  20%  Type  4  banks.  (Type  2  banks 
require  the  least  amount  of  construction  effort;  Type  4  banks  require  the  greatest  amount  of  construction 
effort).  The  proportion  of  bank  types  is  typical  of  a  baseline  condition.  Streambank  reconstruction  costs 
are  adjusted  by  the  average  estimated  streambank  reconstruction  cost  under  remedy. 

8)  It  was  assumed  that  an  additional  five  miles  of  haul  roads  would  be  necessary  for  restoration  beyond  what 
would  be  constructed  under  remedy. 

9)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 


Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  contmue  to 
the  year  2047. 
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SILVER  BOW  CREEK  -  ALTERNATIVE  4D 

Floodplain  and  streambed  excavation  would  begin  in  1998,  the  year  remedial  work  is  anticipated  to  begin.   All  work 
items  are  costed  over  5  years  (1998  -  2002). 

1)  22.6  miles  of  stream  channel  will  be  excavated.    The  volume  of  material  excavated  is  163,000  CY. 

2)  Disposal  costs  are  based  on  RI/FS  estimates  for  treatment  costs  at  local  repositories.  Assuming  that 
materials  are  disposed  of  in  2-foot  lifts,  3,227  CY  of  material  would  be  disposed  of  in  one  lift  over  one 
acre.  The  volume  of  excavated  streambed  sediments  (163,000  CY)  would  therefore  require  50.5  acres  of 
land.    Lime-amending  costs  for  these  materials  equals  $5,550  per  acre. 

3)  Based  on  restoration  of  706  acres  to  a  baseline  riparian  wildlife  habitat  a  6-mch  cover  of  growth  media  will 
require  is  569,507  CY  (706  acres  x  43,560  square  ft/acre  x  0.5',  divided  by  27  cubic  feet  per  CY). 

4)  Revegetation  costs  are  based  on  restoring  706  acres  of  floodplain  to  25%  shrub/forest  habitat  (177  acres) 
and  75%  grass/forbs  (agricultural)  habitat  (529  acres).  Costs  include  seed,  vegetation  and  labor. 
Revegetation  of  the  remaining  560  acres  will  be  accomplished  under  remedy. 

5)  The  volume  of  material  needed  to  backfill  the  excavated  streambed  is  163,000  CY,  equivalent  to  the 
volume  of  streambed  material  excavated.  Channel  bedforms  (runs,  riffles,  and  pools)  are  constructed 
during  backfilling  of  the  streambed.  Streambank  reconstruction  costs  are  based  on  reconstruction  of  22.6 
miles  of  stream  channel  to  40%  Type  2  banks,  40%  Type  3  banks,  and  20%  Type  4  banks.  (Type  2  banks 
require  the  least  amount  of  construction  effort;  Type  4  banks  require  the  greatest  amount  of  construction 
effort).  The  proportion  of  bank  types  is  typical  of  a  baseline  condition.  Streambank  reconstruction  costs 
are  adjusted  by  the  average  estimated  streambank  reconstruction  cost  under  remedy. 

6)  It  was  assumed  that  an  additional  five  miles  of  haul  roads  would  be  necessary  for  restoration  beyond  what 
would  be  constructed  under  remedy. 

7)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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SILVER  BOW  CREEK  -  ALTERNATIVE  4E 

Revegetation  work  is  costed  over  the  5  years  during  which  floodplain  materials  excavated  under  remedy  takes  place 
(1998  -  2002). 

1)  Revegetation  costs  are  based  on  restoring  706  acres  of  floodplain  to  25%  shrub/forest  habitat  (177  acres) 
and  75%  grass/forbs  (agricultural)  habitat  (529  acres).  Costs  include  seed,  vegetation  and  labor. 
Revegetation  of  the  remaining  560  acres  will  be  accomplished  under  remedy. 

2)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Tnistee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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SILVER  BOW  CREEK  -  ALTERNATIVE  4F 

Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.   Two  categories  of  monitoring 
are  summarized  as  follows: 

Short-term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resource  and/or  aquatic  resources,  the  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  in  year  one  and  would  continue  for  five  years. 
After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  the 
year  2047. 
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MONTANA  POLE  -  ALTERNATIVE  5A 

Work  would  begin  in  1999,  the  year  that  actions  south  of  1-90  are  anticipated  to  begin. 

1)  Removal  and  reconstruction  costs  for  the  interstate  highway  and  berms  were  estimated  in  1993  by  the 
Montana  Department  of  Transportation.  The  cost  assumes  that  approach  fill  material  can  be  stockpiled  at 
the  Montana  Pole  site  and  reused.  The  bridge  and  roadway  will  be  upgraded  to  federal  highway  standards. 

2)  Excavation  of  41,000  cubic  yards  (CY)  of  contaminated  soil  under  the  highway  berm  would  occur 
immediately  after  the  berm  is  removed. 

3)  Hauling  costs  are  based  on  hauling  both  the  soil  excavated  under  restoration  (41,000  CY)  and  the  208,000 
CY  of  soil  which  would  have  been  treated  and  backfilled  under  remedy.  Hauling  would  occur  over  two 
years  (1999-2000).    Soils  excavated  under  remedy  will  be  stockpiled  until  1999. 

4)  Soils  would  be  disposed  of  in  a  RCRA  subtitle  C  facility.   Disposal  would  occur  over  two  years 
(1999-2000). 

5a)  Clean  fill  (41,000  CY)  would  be  backfilled  in  the  area  under  the  interstate  highway  during  reconstruction 

of  the  highway  in  1999. 

5b)  Clean  fill  (208,000  CY)  would  be  backfilled  in  the  area  excavated  under  remedy  in  the  year  after 

excavation  is  complete  (2001). 

O&M)  Well  operation  and  maintenance  (O  &  M)  includes  pump  and  valve  replacement,  and  general  maintenance 
such  as  redevelopment  or  cleaning  of  a  well.  O  &  M  of  the  12  wells  placed  in  remedy  would  occur  in 
years  2008-2027.  This  is  based  on  the  assumption  that  the  timeframe  for  pumping  and  treating  projected 
for  remedy  under  the  ROD  (30  years)  would  be  considerably  shortened  by  restoration  actions.  Costing 
assumes  that  pumping  and  treating  under  remedy  would  end  in  10  years  (1999-2008).  Pumping  and 
treating  under  restoration  would  occur  from  2008  until  2027,  at  which  time  baseline  would  be  achieved. 

The  treatment  plant  size  (0.15  million  gallons  per  day)  is  based  on  the  volume  of  groundwater  to  be 
pumped  under  remedy.  Process  plant  O&M  includes  electricity,  personnel,  and  replacement  of 
equipment.    O&M  would  occur  between  years  2008-2027. 

Sludge  disposal  would  occur  in  years  2008-2027.   The  method  of  disposal  would  be  offsite  incineration. 

6)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 

monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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MONTANA  POLE  -  ALTERNATIVE  5B 

Work  would  begin  in  1999,  the  year  that  actions  south  of  1-90  are  anticipated  to  begin. 

1)  Highway  removal  and  reconstruction  would  proceed  as  described  in  Alternative  5 A. 

2)  Excavation  of  41,000  CY  of  contaminated  soils  under  the  highway  will  occur  as  described  in  Alternative 
5A. 

3)  Clean  fill  (41,000  CY)  would  be  backfilled  in  the  excavated  area  under  the  interstate  highway  in  1999. 

4)  The  41,000  CY  of  contaminated  soils  will  be  biologically  treated  with  the  208,000  CY  of  contaminated 
soils  being  similarly  treated  under  remedy.  Treating  of  soils  removed  from  under  the  highway  will  occur 
over  two  years  concurrent  with  and  following  removal  (1999-2000). 

O&M  Well  operation  and  maintenance  (O  &  M)  includes  pump  and  valve  replacement,  and  general  maintenance 
such  as  redevelopment  or  cleaning  of  a  well.  O  &  M  of  the  12  wells  placed  in  remedy  would  occur  in 
years  2018-2047.  TTiis  is  based  on  the  assumption  that  the  timeframe  for  pumping  and  treating  projected 
for  remedy  under  the  ROD  (30  years)  would  be  considerably  shortened  by  restoration  actions.  Costing 
assumes  that  pumping  and  treating  under  remedy  would  end  in  20  years  (1999-2018).  Costing  for  pumping 
and  treating  under  restoration  is  based  on  a  timeframe  of  2018-2047. 

The  treatment  plant  size  (0.15  million  gallons  per  day)  is  based  on  the  volume  of  groundwater  to  be 
pumped  under  remedy.  Process  plant  O&M  includes  electricity,  personnel,  and  replacement  of 
equipment.  O&M  for  the  0. 15  million  gallon  per  day  treatment  plant  constructed  in  remedy  would  occur 
between  years  2018-2047. 

Sludge  disposal  would  occur  in  years  2018-2047.   The  method  of  disposal  would  be  offsite  incineration. 

5)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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MONTANA  POLE  -  ALTERNATIVE  5C 

Restoration  actions  would  begin  after  groundwater  pumping  and  treating  under  remedy  end  in  the  year  2027. 
Costing  for  pumping  and  treating  under  restoration  is  based  on  a  timeframe  of  2028  to  2047. 

O&M     Operation  and  maintenance  (O  &  M)  of  the  12  wells  placed  under  remedy  includes  pump  and  valve 
replacement,  and  general  maintenance  such  as  redevelopment  or  cleaning  of  a  well. 

The  treatment  plant  size  (0.15  million  gallons  per  day)  is  based  on  the  volume  of  groundwater  to  be 
pumped  under  remedy.  Process  plant  O&M  includes  electricity,  personnel,  and  replacement  of 
equipment. 

Sludge  would  be  disposed  of  by  offsite  incineration. 

1)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 

monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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MONTANA  POLE  -  ALTERNATIVE  5D 

Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.  Two  categories  of  monitoring 
are  summarized  as  follows: 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  in  year  one  and  would  continue  for  five  years. 
After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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ROCKER  TIMBER  FRA^^NG  AND  TREATING  PLANT  -  ALTERNATIVE  6X 

All  work  at  this  site  would  occur  in  1998. 

1)  The  volume  of  soil  to  be  excavated  is  18,000  cubic  yards  of  soil  excavated  between  the  10,000  ppb  arsenic 
isopleth  and  the  1 ,000  ppb  arsenic  isopleth. 

2)  Hauling  costs  are  based  on  a  lO-mile  hauling  distance.  The  volume  of  material  hauled  is  68,400  CY, 
calculated  by  adding  the  volume  excavated  under  remedy  (39.000  CY)  to  the  volume  excavated  in  Item  1 
(18,000  CY)  and  multiplying  by  1.2  to  account  for  swell  or  "flufT  after  excavation. 

3)  Disposal  costs  are  based  on  construction  of  a  monofill  in  a  location  near  Silver  Bow  Creek  (although 
existing  disposal  sites  could  be  used).   The  volume  of  material  disposed  of  is  68,400  CY  (Item  2). 

4)  The  volume  of  backfill  ((36,000  CY)  is  based  on  backfilling  the  entirety  of  the  area  excavated  between  the 
10,000  ppb  arsenic  isopleth  and  the  1,000  ppb  arsenic  isopleth  (18,000  CY)  and  the  unsaturated  zone  of 
the  area  excavated  under  remedy  (18,000  CY)-  Costs  of  backfilling  the  saturated  zone  would  be  borne  by 
remedy. 

5)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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ROCKER  TIMBER  FRAMING  AND  TREATING  PLANT  -  ALTERNATIVE  6B 

All  work  at  this  site  would  occur  in  1998. 

1)  Soils  will  be  excavated  under  remedy.   Therefore,  no  costs  are  associated  with  this  item. 

2)  Hauling  costs  are  based  on  a  10-mile  hauling  distance.  The  volume  of  material  hauled  is  46,800  CY, 
calculated  by  taking  the  volume  excavated  under  remedy  (39,000  CY)  and  multiplying  it  by  1.2  to  account 
for  swell  or  "flufP  after  excavation. 

3)  Disposal  costs  are  based  on  construction  of  a  monofill  in  a  location  near  Silver  Bow  Creek  (although 
existing  di.eposal  sites  could  be  used).    The  volume  of  material  disposed  of  is  46,800  CY  (Item  2). 

4)  The  volume  of  backfill  (18,000  CY)  represents  one-half  of  the  amount  necessary  to  backfill  the  excavation. 

5)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  cormnents,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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ROCKER  TIMBER  FRANflNG  AND  TREATING  PLANT  -  ALTERNATIVE  6C 

Pumping  and  treating  would  begin  in  1998. 

1)  The  number  of  wells  is  based  on  one  hundred  foot  well  spacings  in  the  most  contaminated  part  of  the 
arsenic  plume. 

2)  Treatment  plant  capacity  would  be  0.072  million  gallons  per  day. 

3)  Treatment  plant  sludge  would  be  disposed  of  in  accordance  with  applicable  requirements. 

O&M  Process  O  &  M  includes  electricity,  personnel,  and  periodic  replacement  of  equipment.  Well  Opyeration 
and  Maintenance  (O  &  M)  includes  electrical  pump  and  valve  replacement,  and  general  maintenance  such 
as  redevelopment  or  cleaning  of  wells. 

4)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  Durin2  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  TTiis  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.    It  is  assumed  that  long-term  monitoring  would  continue  to 

the  year  2047. 
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ROCKER  TIMBER  FRAMING  AND  TREATING  PLANT  -  ALTERNATIVE  6D 


Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.   Two  categories  of  monitoring 
are  summarized  as  follows: 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  in  year  one  and  would  continue  for  five  years. 
After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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UPLAND  RESOURCES  -  ALTERNATIVE  7A 

Restoration  work  on  Smelter  Hill,  Stucky  Ridge,  and  Mount  Haggin  would  begin  in  1998. 

1)  Tree/shrub  area  revegetation  would  occur  over  4408  acres  of  the  10,966  acres  of  grossly  injured  area 
that  would  remain  after  remedy  (11, 366  ACRES-400  ACRES).    The  4408  acres  represent  62%  of  the 
7110  acres  of  grossly  injured  area  that  is  being  targeted  for  revegetation  to  primarily  tree/shrub 
environment.  (71 10  acres  represents  the  injured  areas  that  are  not  over  40%  slope  and  are  not 
shrublands).    Planting  would  occur  over  twelve  years  (1998-2009). 

TREE/SHRUB  AREAS  COSTS/ACRE  COST  SOURCE 

a)  SHRUB  AND  TREE  COSTS $450  3 

b)  PLANTING  COSTS 480  1 

c)  GRASS 200  4 

d)  TREE  SHADE  COSTS 150  11 

e)  GOUGING/BASINS 225  4 

f)  SITE  PREP 550  4 

g)  FERTILIZER 75  4 

h)   SOIL  PROTECTION 575  4 

i)   ORGANIC  MATTER  PLACEMENT 200  4 

TOTAL 3005 

a)  Tree  and  shrub  costs  are  based  on  state  and  private  nursery  prices. 

b)  Planting  costs  are  based  on  an  average  of  150  trees  planted  per  day. 

c)  Grass  seed  and  application  ($200/acre)  are  based  on  contractor  estimates. 

d)  Tree  shade  costs  ($150/acre)  are  based  on  1994  wholesale  prices.    Shades  are  $1  apiece  and 
will  be  needed  for  one-third  of  the  seedlings. 

e)  Gouging/Basins  construction  ($225/acre)  is  based  on  contractor  estimates. 

0  Site  preparation  ($550/acre)  is  based  on  contractor  estimates  and  includes  costs  for  site 

leveling,  and  layout  and  excavation  of  drainages, 
g)  Fertilizer  costs  ($75/acre)  are  based  contractor  estimates, 
h)  Soil  protection  ($570/acre)  is  based  on  contractor  estimates  for  the  following  items: 

ripping,  disking,  liming,  excelsior,  sediment  fencing,  rock  gully  plugs,  rip-rap,  water  bars, 

snowfences,  and  other  fences, 
i)  Organic  matter  ($200/acre)  will  be  introduced  by  planting  annua!  grains  such  as  barley 

and/or  or  millet. 

2)  Grassland  area  revegetation  would  occur  over  2702  acres  of  the  10,966  acres  of  grossly  injured  area 
that  would  remain  after  remedy.  The  2702  acres  represent  38%  of  the  7110  acres  of  grossly  injured 
area  that  is  being  targeted  for  revegetation  to  primarily  a  grasslands  environment.  Planting  would  occur 
over  a  period  of  twelve  years  (1998-2009). 

GRASSLAND  AREAS  COSTS/ACRE 

a)  GRASS/SHRUBS/TREES/LABOR  $400 

b)  SITE  PREPARATION 550 

c)  GOUGE/BASIN  PLACEMENT 225 

d)  FERTILIZER 75 

e)  SOIL  PROTECTION 575 

0   ORGANIC  MATTER  PLACEMENT 200 

TOTAL 2025 

a)  Grass  application  is  $200/acre;  shrubs  or  trees  ©100  plants/acre  is  $100/acre;  labor  is  $l/plant. 
b-f)  These  items  are  discussed  in  1)  above. 


3)  Restoration  of  steep  sloped  areas  will  occur  on  2242  acres  of  the  grossly  injured  area.  The  2242  acres 
represent  the  area  with  slopes  over  40  %  slope.    Soil  protection  costs  are  twice  those  of  other  areas  due 
to  the  need  for  greater  effort  on  steeper  slopes. 

AREAS  >  40%  SLOPE  COSTS/ACRE 

a)  SHRUB  AND  TREE  COSTS $450 

b)  LABOR 480 

c)  SOIL  PROTECTION 1150 

TOTAL 2080 

a  &  b)  Shrub  and  tree  costs  and  labor  are  identified  above. 

c)       Soil  protection  will  include  a  greater  planting  density  that  will  be  undertaken  at  other  areas  and 

additional  erosion  control  measures. 

4)  Shrubland  area  restoration  will  occur  over  1614  acres  of  grossly  injured  area.  The  1614  acres 
represents  the  area  that  was  found  to  have  deciduous  shrub  in  the  injury  assessment  work. 

SHRUBLAND  AREAS  COSTS/ACRE 

a)  SHRUB  AND  TREE  COSTS $150 

b)  LABOR 150 

TOTAL 300 

a  &  b)  Shrub  and  tree  costs  and  labor  are  based  on  planting  150  plants  per  acre  ($l/plant  and  $l/plant 
for  labor. 

O&M      O  &  M  costs  are  one-third  of  the  cost  of  the  initial  efforts.  Costs  include  materials,  labor  and 
equipment.    O&M  will  occur  during  years  2-13  (1999-2010). 

5)  Monitoring.   The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.    It  is  assumed  that  this  work  would 
be  provided  by  an  engineering  consulting  firm.    This  work  would  occur  during  the 
constructiou.   The  cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water 
quality  (surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.    The 
cost  of  short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and 
outside  contractors.    Short-terra  monitoring  would  begin  the  first  year  following  construction 
and  would  continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would 
begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.    It  is  assumed  that  long-term  monitoring  would  continue 
to  the  year  2047. 
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UPLAND  RESOURCES  -  ALTERNATIVE  7B 

Restoration  work  on  Smelter  Hill,  Stucky  Ridge,  and  Mount  Haggin  would  begin  in  1998.    See  the  notes  for 
Alternative  7A  for  costing  details. 

1)  Tree/shrub  area  revegetation  would  occur  over  3306  acres  of  the  10,966  acres  of  grossly  injured  area 
that  would  remain  after  remedy.    TTie  3306  acres  represent  the  percentage  of  the  grossly  injured  area 
that  is  being  targeted  for  revegetation  to  primanly  tree/shrub  environment  (75  %  of  4408  acres).    The 
4408  acres  is  the  number  of  acres  for  tree/shrub  restoration  in  alternative  7A.    Planting  would  occur 
over  a  period  of  nine  years  (1998-2006). 

2)  Grassland  area  revegetation  would  occur  over  2027  acres  of  the  10,966  acres  of  grossly  injured  area 
that  would  remain  after  remedy.    The  2027  acres  represent  the  percentage  of  the  grossly  injured  area 
that  is  being  targeted  for  revegetation  to  primarily  a  grasslands  environment  (75%  of  2027  acres). 
Planting  would  occur  over  a  period  of  nine  years  (1998-2006). 

3)  Steep  sloped  areas  restoration  will  occur  over  1682  acres  of  grossly  injured  area  that  would  remain 
after  remedy.    The  1682  acres  represents  75%  of  1682  which  the  area  with  slopes  over  40%  slope. 

4)  Shrubland  area  restoration  will  occur  over  1211  acres  of  grossly  injured  area  that  would  remain  after 
remedy.    The  1121  acres  represents  75  %  of  the  area  that  was  found  to  have  deciduous  shrub  in  the 
mjury  assessment  work. 

O&M     Operation  and  maintenance  (0  &  M)  costs  are  one-third  of  the  cost  of  the  initial  planting.  Costs  include 
materials,  labor,  and  equipment.    O&M  will  occur  during  years  2  through  10  (1999-2007). 

5)  Monitoring.   The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  wntten  comments,  and  penodic  site  visits.    It  is  assumed  that  this  work  would 
be  provided  by  an  engineering  consulting  firm.    This  work  would  occur  during  the 
construction.    The  cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water 
quality  (surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.    TTie 
cost  of  short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and 
outside  contractors.    Short-term  monitoring  would  begin  the  first  year  following  construction 
and  would  continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would 
begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.    It  is  assumed  that  long-term  monitoring  would  continue 
to  the  year  2047. 
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UPLAND  RESOURCES  -  ALTERNATHT  7C 

Restoration  work  on  Smelter  Hill,  Stucky  Ridge,  and  Mount  Haggin  would  begin  in  1998.    See  the  note  for 
Alternative  7A  for  costing  details. 

1)  Tree/shrub  area  revegetation  would  occur  over  2204  acres  of  the  10,966  acres  of  grossly  injured  area 
that  would  remain  after  remedy.    The  2204  acres  represent  the  percentage  of  the  grossly  injured  area 
that  is  being  targeted  for  revegetation  to  primarily  tree/shrub  environment  (50%  of  4408  acres). 
Planting  would  occur  over  a  period  of  six  years  (1998-2003). 

2)  Grassland  area  revegetation  would  occur  over  1351  acres  of  the  10,966  acres  of  grossly  injured  area 
that  would  remain  after  remedy.    The  1351  acres  represent  the  percentage  of  the  grossly  injured  area 
that  IS  being  targeted  for  revegetation  to  primarily  a  grasslands  environment  (50%  of  2702  acres). 
Planting  would  occur  over  a  period  of  six  years  (1998-2003). 

3)  Steep  sloped  areas  restoration  will  occur  1121  acres  of  grossly  injured  area  that  would  remain  after 
remedy.    The  1121  acres  represents  50%  the  area  with  slopes  over  40%  slope. 

4)  Shrubland  area  restoration  will  occur  over  807  acres  of  grossly  injured  area  that  would  remam  after 
remedy.    The  807  acres  represents  50%  of  the  area  that  was  found  to  have  deciduous  shrub  in  the 
injury  assessment  work. 

O&M      Operation  and  maintenance  (0  &  M)  costs  are  one-third  of  the  cost  of  the  initial  planting.  Costs  include 
materials,  labor,  and  equipment.    O&M  will  occur  during  years  2  through  7  (1999-2004). 

5)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    TTiree  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.    It  is  assumed  that  this  work  would 
be  provided  b>  an  engineenng  consultmg  firm.    This  work  would  occur  during  the 
construction.   TTie  cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water 
quality  (surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.    The 
cost  of  short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and 
outside  contractors.    Short-term  monitonng  would  begin  the  first  year  following  construction 
and  would  continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would 
begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.    It  is  assumed  that  long-term  monitoring  would  continue 
to  the  year  2047. 
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UPLAND  RESOURCES  -  ALTERNATIVE  7D 

Restoration  work  on  Smelter  Hill,  Stucky  Ridge,  and  Mount  Haggin  would  begin  in  1998.    See  the  notes  for 

Alternative  7A  for  details. 

1)  Tree/shrub  area  revegetation  would  occur  over  1 102  acres  of  the  10,966  acres  of  grossly  injured  area 
that  would  remain  after  remedy.    The  1102  acres  represent  the  percentage  of  the  grossly  injured  area 
that  is  bemg  targeted  for  revegetation  to  primarily  tree/shrub  environment  (25%  of  4408  acres). 
Plantmg  would  occur  over  a  period  of  three  years  (1998-2000). 

2)  Grassland  area  revegetation  would  occur  over  676  acres  of  the  10,966  acres  of  grossly  injured  area  that 
would  remain  after  remedy.    The  676  acres  represent  the  percentage  of  the  grossly  injured  area  that  is 
being  targeted  for  revegetation  to  primarily  a  grasslands  environment  (25  %  of  2702  acres).  Planting 
would  occur  over  a  period  of  three  years  (1998-2000). 

3)  Steep  sloped  areas  restoration  will  occur  560  acres  of  grossly  injured  area  that  would  remain  after 
remedy.    The  560  acres  represents  25%  the  area  with  slopes  over  40%  slope. 

4)  Shrubland  area  restoration  will  occur  over  404  acres  of  grossly  injured  area  that  would  remain  after 
remedy.    The  404  acres  represents  25%  of  the  area  that  was  found  to  have  deciduous  shrub  in  the 
injury  assessment  work. 

O&M     Operation  and  maintenance  (0  &  M)  costs  are  one-third  of  the  cost  of  the  initial  planting.  Costs  include 
materials,  labor,  and  equipment.    O&M  will  occur  during  years  2  through  4  (1999-2001). 

5)  Monitoring.   The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.    It  is  assumed  that  this  work  would 
be  provided  by  an  engineering  consulting  firm.    This  work  would  occur  during  the 
construction.   The  cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitonng  would  consist  of  all  labor  and  expenses  to  monitor  water 
quality  (surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.    The 
cost  of  short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and 
outside  contractors.    Short-term  monitoring  would  begin  the  first  year  following  construction 
and  would  contmue  for  five  years.    After  five  years,  long-term  resource  monitoring  would 
begin. 

Long-Term  Resource  Monitonng  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.    It  is  assumed  that  long-term  monitoring  would  continue 
to  the  year  2047. 
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UPLANDS  RESOURCES  -  ALTERNATIVE  7E 

Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.   Two  categories  of 
monitoring  are  summarized  as  follows: 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water 
quality  (surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.    The 
cost  of  short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and 
outside  contractors.   Short-term  monitoring  would  begin  in  year  one  and  would  continue  for 
five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.    It  is  assumed  that  long-term  monitoring  would  continue 
to  the  year  2047. 
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ANACONDA  AREA  RESOURCES  -  ALTERNATIVE  8A 

Restoration  work  at  the  Anaconda  Ponds  and  Opportunity  Ponds  would  begin  in  1999,  to  coordinate  the  disposal 
of  wastes  from  other  areas  at  the  Ponds  if  necessary.  The  issuance  of  the  Anaconda  Regioiud  Water  and  Waste 
Record  of  Decision  (ROD)  will  be  in  1996.  The  Anaconda  Ponds  would  be  capped  over  two  years  (1999  -  2000). 
The  Opportunity  Ponds  would  be  capped  over  ten  years  (1999  -  2008). 

ANACONDA  PONDS 

1)  Capping  entails  grading,  placement  of  a  geogrid  fabric  where  necessary,  placement  of  a  bentonite  layer, 
placemoit  of  a  limestone  layer,  placement  of  a  random  fill  layer,  placement  of  growth  media,  and 
revegetation.  Costing  assumes  that  all  steps  would  be  accomplished  over  one-half  of  the  700  acres  each 
year  (350  acres  per  year). 

a)  Site  grading  will  require  moving  467,000  cubic  yards  (CY)  of  material.  Grading  creates  a  two  percent 
slope  with  alternating  ridges  and  swales  that  oihances  sur^ice  runoff  to  a  perimeter  collection  system. 

b)  The  amount  of  geogrid  fabric  required  for  covering  the  ponds  is  1,694,000  square  yards  (SY),  (50%  of 
the  pond  area). 

c)  The  bentonite  layer  is  comprised  of  fill  material  mixed  with  3  to  5  percent  bentonite.  The  layer  will  be 
six  inches  thick. 

d)  There  is  no  cost  associated  with  the  limestone  layer  because  this  work  will  be  coordinated  under 
the  anticipated  remedy. 

e)  Lime  treatment  will  consist  of  agricultural  tilling  lime  to  a  depth  of  12  inches.    Application  rate 
would  be  about  120  tons  per  acre. 

f)  A  foot  of  slag  will  be  used  for  a  capillary  break. 

g)  The  volume  of  fill  required  for  a  one  foot  cover  over  700  acres  is  1,128,000  CY.  The  borrow  area  will 
supply  the  unconsolidated  fill  and  the  growth  media.  The  borrow  area,  which  will  be  approximately  60 
acres,  will  be  left  as  wetlands  habitat  and  will  therefore  only  require  minimal  revegetation. 

h)  The  volume  of  growth  media  required  for  a  12-inch  cover  over  700  acres  is  1,128,000  CY.   The  borrow 

area  will  be  utilized  to  obtain  fill  for  the  growth  media.  The  growth  media  would  be  manufactured  on-site 
prior  to  placement  and  would  include  a  mixture  of  soil,  agricultural  by-products  such  as  animal  wastes, 
grain  straw,  wood  chips,  and  fertilizer. 

i)  The  ponds  will  be  revegetated  with  grasses  and  small  shrubs  following  the  placement  of  growth  media. 

j)  Operation  and  maintenance  (O  &  M)  includes  maintaining  the  integrity  of  the  cap,  the  runoff  collection 

system  and  the  vegetative  cover.  O  &  M  costs  begin  the  year  following  completion  of  site  grading  and 
capping.  TTierefore,  O  &  M  costs  during  the  time  before  the  cap  is  completely  constructed  would  not  be 
captured. 

OPPORTUNITY  PONDS 

2)  The  Opportunity  Ponds  cap  will  be  constructed  in  the  same  maimer  as  the  Anaconda  Ponds  cap  (Item  1). 
Costing  assumes  that  all  steps  would  be  accomplished  in  one  year  over  approximately  one-tenth  of  the  3400 
acres  each  year  (340  acres  per  year).    Capping  will  occur  over  ten  years  (1999  -  2008). 


a)  Site  grading  will  require  moving  4,800,000  cubic  yards  (CY)  of  material.  Grading  creates  a  two  percent 
slope  with  alternating  ridges  and  swales  that  enhances  surface  runoff  to  a  perimeter  collection  system. 

b)  The  amount  of  geogrid  fabric  required  for  covering  the  ponds  is  8,225,000  square  yards  (SY)  (50%  of  the 
pond  area). 

c)  The  bentonite  layer  is  comprised  of  fill  material  mixed  with  3  to  5  percent  bentonite.  The  layer  will  be 
six  inches  thick. 

d)  There  is  no  cost  associated  with  the  limestone  layer  because  this  work  will  be  coordinated  under 
the  anticipated  remedy. 

e)  Lime  treatment  will  consist  of  agricultural  tilling  lime  to  a  depth  of  12  inches.    Application  rate 
would  be  about  120  tons  per  acre. 

f)  A  foot  of  slag  will  be  used  for  a  capillary  break. 

g)  The  volume  of  fill  required  for  a  one  foot  cover  over  3,400  acres  is  5,485,333  CY.  The  per  unit  cost  ($4 
CY)  is  based  on  obtaining  fill  locally.  The  borrow  area  will  supply  the  unconsolidated  fill  and  the  growth 
media.  The  borrow  area,  which  will  be  approximately  280  acres,  will  be  left  as  wetlands  habitat  and  will 
therefore  only  require  minimal  revegetation. 

h)  The  volume  of  growth  media  required  for  a  12-inch  cover  over  3400  acres  is  2,742,667  CY.  The  borrow 

area  will  be  utilized  to  obtain  fill  for  the  growth  media.  The  growth  media  would  be  manufactured  on-site 
prior  to  placement  and  would  include  a  mixture  of  soil,  agricultural  by-products  such  as  animal  wastes, 
grain  straw,  wood  chips  and  fertilizer. 

i)  The  ponds  will  be  revegetated  with  grasses  and  small  shrubs  following  the  placement  of  growth  media. 

j)  Operation  and  maintenance  (O  &  M)  includes  maintaining  the  integrity  of  the  cap,  the  runoff  collection 

system  and  the  vegetative  cover.  O  &  M  costs  begin  the  year  following  completion  of  site  grading  and 
capping.  Therefore,  O  &  M  costs  during  the  time  before  the  cap  is  completely  constructed  are  not 
captured. 

3)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 

monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  penodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-terra,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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ANACONDA  AREA  RESOURCES  -  ALTERNATIVE  8B 

Restoration  work  at  the  Anaconda  Ponds  and  Opportunity  Ponds  would  begin  in  1999,  to  coordinate  the  disposal 
of  other  resource  wastes  at  the  ponds  if  necessary.  The  issuance  of  the  Anaconda  Regional  Water  and  Waste  Record 
of  Decision  (ROD)  will  be  in  1996.  The  Anaconda  Ponds  would  be  capped  over  two  years  (1999  -  2000).  The 
Opportunity  Ponds  would  be  capped  over  ten  years  (1999  -  2008). 

ANACONDA  PONDS 

1)  Capping  entails  grading,  placement  of  a  geogrid  fabric  where  necessary,  placement  of  a  limestone  layer, 
placement  of  a  random  fill  layer,  placement  of  growth  media,  and  revegeution.  Costing  assumes  that  all 
steps  would  be  accomplished  over  one-half  of  the  700  acres  each  year  (350  acres  per  year). 

a)  Site  grading  will  require  moving  467,000  cubic  yards  (CY)  of  material.  Grading  creates  a  two  perc«it 
slope  with  alternating  ridges  and  swales  that  aihances  surface  runoff  to  a  perimeter  collection  system. 

b)  The  amount  of  geogrid  fabric  required  for  covering  the  ponds  is  1,694,000  square  yards  (SY). 

c)  There  is  no  cost  associated  with  the  limestone  layer  because  this  work  will  be  coordinated  under 
the  anticipated  remedy. 

d)  Lime  treatment  will  consist  of  agricultural  tilling  lime  to  a  depth  of  12  inches.    Application  rate 
would  be  about  120  tons  per  acre. 

e)  A  foot  of  slag  will  be  used  for  a  capillary  break. 

f)  The  volume  of  fill  required  for  a  one  foot  cover  over  700  acres  is  1,128,000  CY.  The  per  unit  cost  ($4 
CY)  is  based  on  obtaining  fill  locally.  The  borrow  area  will  supply  the  material  for  the  fill  layer,  and  the 
growth  media.  The  borrow  area,  which  will  be  approximately  60  acres,  will  be  left  as  wetlands  habitat 
and  will  therefore  require  minimal  revegetation. 

g)  The  volume  of  growth  media  required  for  a  12-inch  cover  over  700  acres  is  1,128,000  CY.  The  borrow 
area  will  be  utilized  to  obtain  fill  for  the  growth  media.  The  growth  media  would  be  manufactured  on-site 
prior  to  placement  and  would  include  a  mixture  of  soil,  agricultural  by-products  such  as  animal  wastes, 
grain  straw,  wood  chips  and  fertilizer. 

h)  The  ponds  will  be  revegetated  with  grasses  and  small  shrubs  following  the  placement  of  growth  media. 

i)  Operation  and  maintenance  (O  &  M)  includes  maintaining  the  integrity  of  the  cap,  the  rtmoff  collection 

system  and  the  vegetative  cover.  O  &  M  costs  begin  the  year  following  completion  of  site  grading  and 
capping.  Therefore,  O  &  M  costs  during  the  time  before  the  cap  is  completely  constructed  would  not  be 
captured. 

OPPORTUNITY  PONDS 

2)  The  Opportunity  Ponds  c^  v^dll  be  constructed  in  the  same  manner  as  the  Anaconda  Ponds  cap  (Item  1). 
Costing  assumes  that  all  steps  would  be  accomplished  in  one  year  over  approximately  one-tenth  of  the  3400 
acres  each  year  (340  acres  per  year).    Capping  will  occur  over  ten  years  (1999  -  2008). 

a)  Site  grading  will  require  moving  4,800,000  cubic  yards  (CY)  of  material.  Grading  creates  a  two  percent 
slope  with  alternating  ridges  and  swales  that  enhances  surface  runoff  to  a  perimeter  collection  system. 

b)  The  amK)unt  of  geogrid  fabric  required  for  covering  the  ponds  is  8,225,000  square  yards  (SY). 


c)  There  is  no  cost  associated  with  the  limestone  layer  because  this  woric  will  be  coordinated  under  the 
anticipated  remedy. 

d)  Lime  treatment  will  consist  of  agricultural  tilling  lime  to  a  depth  of  12  inches.    Application  rate 
would  be  about  120  tons  per  acre. 

e)  A  foot  of  slag  will  be  used  for  a  capillary  break. 

f)  The  volume  of  fill  required  for  a  one  foot  cover  over  3,400  acres  is  5,485,333  CY.  The  per  unit  cost  ($4 
CY)  is  based  on  obtaining  fill  locally.  The  borrow  area  will  supply  the  material  for  the  fill  layer,  ai;id  the 
growth  media.  The  borrow  area,  which  will  be  approximately  280  acres,  will  be  left  as  wetlands  habitat 
and  will  therefore  not  require  revegetation. 

g)  The  volume  of  growth  media  required  for  a  12-inch  cover  over  3400  acres  is  2,742,667  CY.  The  borrow 
area  will  be  utilized  to  obtain  fill  for  the  growth  media.  The  growth  media  would  be  manufactured  on-site 
prior  to  placement  and  would  include  a  mixture  of  soil,  agricultural  by-products  such  as  animal  wastes, 
grain  straw,  wood  chips  and  fertilizer. 

h)  The  ponds  will  be  revegetated  with  grasses  and  small  shrubs  following  the  placement  of  growth  media. 

i)  Operation  and  maintenance  (O  &  M)  includes  maintaining  the  integrity  of  the  cap,  the  runoff  collection 

system  and  the  vegetative  cover.  O  &  M  costs  begin  the  year  following  completion  of  site  grading  and 
capping.  Therefore,  O  &  M  costs  during  the  time  before  the  cap  is  completely  constructed  are  not 
captured. 

3)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 

monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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ANACONDA  AREA  RESOURCES  -  ALTERNATIVE  SC 

Restoration  work  at  the  Anaconda  Ponds  and  Opportunity  Ponds  would  begin  in  1999,  to  coordinate  the  disposal 
of  other  resource  area  wastes  at  the  ponds  if  necessary.  The  issuance  of  the  Anaconda  Regional  Water  and  Waste 
Record  of  Decision  (ROD).  The  Anaconda  Ponds  would  be  graded  over  two  years  (1999  -  2000).  The  Opportunity 
Ponds  would  be  capped  over  ten  years  (1999  -  2008). 

ANACONDA  PONDS 

1)  The  Anaconda  Ponds  would  be  covered  with  limestone  under  remedy.  The  grading  of  the  ponds  and 
construction  of  a  runoff  collection  system  would  be  coordinated  with  the  application  of  limestone. 

a)  Site  grading  will  require  moving  467,000  cubic  yards  (CY)  of  material.  Grading  creates  a  two  percent 
slope  with  alternating  ridges  and  swales  that  enhances  surface  runoff  to  a  perimeter  collection  system. 

b)  The  34  acre-feet  (10  feet  deep)  holding  pond  will  be  constructed  in  1999,  the  year  site  construction  would 
begin.  The  pond  would  be  lined  with  a  compacted  earth  liner  because  the  Anaconda  Ponds  would  not  be 
capped  and  runoff  would  be  contaminated  with  hazardous  substances. 

c)  The  treatment  plant  would  have  a  capacity  of  0. 18  million  gallons  per  day,  based  on  the  volume  of  water 
collected  from  a  three  and  one-half  inch  storm  or  snowmelt  event  (204  acre-feet).  The  treatment  plant 
would  be  constructed  in  2000,  the  year  following  initial  site  grading. 

d)  Treatment  plant  O  &  M  include  water  quality  monitoring,  electricity,  general  upkeep,  periodic  replacement 
of  equipment,  sludge  disposal  and  personnel  costs.  Sludge  disposal  would  be  by  landfilling  at  a  commercial 
facility. 

OPPORTUNITY  PONDS 

2)  Capping  of  the  Opportunity  Ponds  would  occur  over  ten  years  (1999  -  2008),  as  described  in  Alternative 

8B. 

3)  O&M  for  the  ponds  would  be  as  described  in  Alternative  A. 

4)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows; 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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ANACONDA  AREA  RESOURCES  -  ALTERNATIVE  8D 

Restoration  work  at  the  Anaconda  Ponds  and  Opportunity  Ponds  would  begin  in  1999,  to  coordinate  the  disposal 
of  wastes  from  other  resource  areas  at  the  ponds  if  necessary.    The  issuance  of  the  Anaconda  Regional  Water  and 
Waste  Record  of  Decision  (ROD)  will  be  in  1996.   The  Anaconda  Ponds  would  be  graded  over  two  years  (1999  - 
2000).    The  Opportunity  Ponds  would  be  graded  over  six  years  (1999  -  2004). 

ANACONDA  PONDS 

1)  The  Anaconda  Ponds  would  be  graded  and  covered  as  described  in  Alternative  8C  with  the  addition  of  a 
runoff  collection  system  (see  items  c  &  d  below). 

OPPORTUNITY  PONDS 

2)  Grading  and  covering  of  the  Opportunity  ponds  would  occur  in  years  1999-2004.  The  Opportunity  Ponds 
would  be  covered  with  limestone  under  remedy.  The  grading  of  the  ponds  and  construction  of  a  runoff 
collection  system  would  be  coordinated  with  the  application  of  limestone. 

a)  Site  grading  will  require  moving  4,800,000  cubic  yards  (CY)  of  material.  Grading  creates  a  two  percent 
slope  with  alternating  ridges  and  swales  that  enhances  surface  runoff  to  a  perimeter  collection  system. 

b)  The  182  acre-feet  (10  feet  deep)  holding  pond  will  be  constructed  in  1999,  the  year  site  construction  would 
begin.  The  pond  would  be  lined  with  a  compacted  earth  liner  because  the  Opportunity  Ponds  would  not 
be  capped  and  runoff  would  be  contaminated  with  hazardous  substances.  The  pond  is  sized  to  collect 
runoff  from  a  three  and  one-half  inch  storm  or  snowmelt  event. 

c)  The  runoff  collection  system  consists  of  an  unlined  ditch  excavated  around  the  perimeter  of  the 
ponds,  and  sloped  to  flow  to  one  or  more  holding  ponds. 

d)  The  treatment  plant  would  have  a  capacity  of  1  million  gallons  per  day,  based  on  the  volume  of  water 
collected  from  a  three  and  one-half  inch  storm  or  snowmelt  event  (1,090  acre-feet).  The  treatment  plant 
would  be  constructed  in  2000,  the  year  after  site  grading  begins. 

e)  Treatment  plant  O  &  M  include  water  quality  monitoring,  electricity,  general  upkeep,  periodic  replacement 
of  equipment,  sludge  disposal  and  persormel  costs.  Sludge  disposal  would  be  by  landfilling  at  a  commercial 

facility. 

3)  Operation  and  maintenance  includes  maintaining  the  integrity  of  the  runoff  collection  system.  0 
&  M  costs  begin  the  year  following  completion  of  site  grading  and  capping.  Therefore,  O  &  M 
costs  during  the  time  before  the  site  is  completely  graded  would  not  be  captured. 

4)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  sununarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engmeenng  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  b)'  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 
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ANACONDA  AREA  RESOURCES  -  ALTERNATIVE  8E 

Monitonng.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.   Two  categories  of  monitoring 
are  summanzed  as  follows: 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  in  year  one  and  would  continue  for  five  years. 
After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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CLARK  FORK  RIVER  -  ALTERNATIVE  9A 

Restoration  work  will  occur  over  six  years  beginning  in  1998. 

1)  The  volume  of  excavated  material  is  based  on  the  estimated  volume  of  tailings  and  associated  contaminated 
floodplain  material  (2,791,000  CY),  less  the  volume  of  tailings  at  the  Governor's  Project  (157,300  CY). 

2)  Riverbanks  in  the  27  mile  reach  (54  miles  of  riverbank)  between  Warm  Springs  and  Deer  Lodge  that  are 
located  in  tailings-impacted  floodplain  areas  would  be  removed  and  reconstructed,  or  stabilized  by 
revegetation.  Approximately  90  %  of  the  banks  (48.6  miles)  are  in  such  areas.  It  is  estimated  that  one-half 
(24.3  miles)  of  these  banks  would  be  reconstructed,  and  one-half  (24.3  miles)  would  be  revegetated.  The 
l^igth  of  banks  to  be  reconstructed  are  decreased  by  3  miles  to  accoimt  for  banks  addressed  in  the 
Governor's  Project,  and  by  4.9  miles  (10%  of  48.6  miles)  that  will  be  addressed  by  remedy.  Restoration 
bank  reconstruction  would  therefore  address  16.4  miles.  The  amount  of  bank  material  excavated  is  88,196 
CY  (16.4  miles  x  5280'/mile  x  10'  excavation  width  x  2.75'  depth). 

3)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  20  miles  to  the  Anaconda  and/or 
Opportunity  Ponds.  Hauling  and  disposal  costs  for  floodplain  tailings  are  based  on  the  volume  excavated 
under  restoration  (2,633,700  CY).  Hauling  and  disposal  costs  for  riverbank  materials  are  based  on  the 
volume  excavated  under  restoration  (88,196  CY),  plus  the  volume  that  would  have  been  excavated  imder 
remedy  (26,351  CY)  and  disposed  of  on  the  floodplain.  The  haul  volumes  presented  on  the  cost  tables 
have  been  increased  by  20%  to  account  for  swell  or  "flufP  after  excavation. 

4)  Excavated  floodplain  areas  are  partially  backfilled  using  imported  material.  The  amount  of  backfill  for 
recontouring  the  floodplain  is  30%  of  the  excavated  volume.  The  volume  of  backfill  required  is  790,110 
CY  (30%  of  2,633,700  CY). 

5)  Revegetation  costs  are  based  on  restoring  215  acres  of  riparian  resources  to  25%  shrub/forest  habitat  (54 
acres)  and  75%  grass/forbs  (agricultural)  habitat  (161  acres),  less  the  20  acres  of  floodplain  revegetated 
in  conjunction  with  riverbank  reconstruction  (Item  6).  Revegetation  on  these  20  acres  will  contribute  to 
restoration  of  riparian  resources.  Of  these  20  acres,  5  acres  will  be  shrub/forest  habitat  type  and  15  acres 
will  be  grass/forb  habitat  type.  Costs  for  floodplain  revegetation  will  therefore  be  based  on  49  acres  of 
shrub/forest  habitat  and  146  acres  of  grass/forb  habitat.  The  remaining  4207  acres  would  be  revegetated 
to  control  erosion  (this  accounts  for  678  acres  revegetated  under  the  Governor's  Project).  For  costing 
purposes,  it  was  assumed  that  these  4207  acres  have  a  grass/forb  vegetative  cover  type.  Costs  include 
seed,  vegetation  stock  and  labor. 

6)  Costs  are  based  on  reconstruction  of  86,592  feet  of  riverbanks  between  Warm  Springs  and  Deer  Lodge. 
(16.4  miles  x  5280'/mile.)  Riverbanks  will  be  reconstructed  to  50%  Type  1  banks  ($0/FT),  20%  Type  2 
banks  ($8/FT),  20%  Type  3  banks  ($51/FT),  and  10%  Type  4  banks  ($84/FT).  Type  1  banks  require  the 
least  amount  of  reconstruction  effort;  Type  4  banks  require  the  greatest  amount  of  reconstruction  effort. 
Riverbank  reconstruction  will  revegetate  approximately  20  acres  of  floodplain  (16.4  miles  x  5280'/mile  x 
10'  width/43,560  square  feet  per  acre). 

7)  Costs  are  based  on  stabilization  of  128,304  feet  of  riverbanks  between  Warm  Springs  and  Deer  Lodge. 
Riverbanks  will  be  stabilized  by  hand  planting  willow  and  other  shrub  stock  at  a  density  of  5  per  lineal 
foot.    Costs  for  stock  and  labor  are  $5  per  lineal  foot. 

8)  The  amount  of  water  necessary  to  augment  flows  in  the  Clark  Fork  River  by  100  cubic  feet  per  second  for 
nine  months  of  the  year  is  6,150  acre-feet.  This  water  would  be  acquired  at  the  market  price  of  $42.00 
per  acre/foot.  The  cost  is  incurred  annually  beginning  the  year  after  conviction  of  riverbank  reconstruction 
(2004).   The  cost  is  held  constant  over  time,  although  water  prices  could  rise  substantially. 

9)  It  was  assumed  that  20  miles  of  haul  roads  would  be  necessary  to  accomplish  this  alternative.  The  haul 
roads  would  be  constructed  from  existing  roads  to  the  areas  to  be  excavated. 

10)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 


monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  NRDP  staff  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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CLARK  FORK  RTVER  -  ALTERNATIVE  9B 

Restoration  work  will  occur  over  five  years  beginning  the  year  1998. 

1)  The  volume  of  excavated  material  is  based  on  the  estimated  volume  of  tailings  and  associated  contaminated 
floodplain  material  (1,702,000  CY),  less  the  volume  of  tailings  at  the  Governor's  Project  (157,300  CY). 

2)  Riverbanks  in  the  27  mile  reach  (54  miles  of  riverbank)  between  Warm  Springs  and  Deer  Lodge  that  are 
located  in  tailings-impacted  floodplain  areas  would  be  removed  and  reconstructed,  or  stabilized  by 
revegetation.  Approximately  90%  of  the  banks  (48.6  miles)  are  in  such  areas.  It  is  estimated  that  one-half 
(24.3  miles)  of  these  banks  would  be  reconstructed,  and  one-half  (24.3  miles)  would  be  revegetated.  The 
length  of  banks  to  be  reconstructed  are  decreased  by  3  miles  to  account  for  banks  addressed  in  the 
Governor's  Project,  and  by  4.9  miles  (10%  of  48.6  miles)  that  will  be  addressed  by  remedy.  Restoration 
bank  reconstruction  would  therefore  address  16.4  miles.  The  amount  of  bank  material  excavated  is  88,196 
CY  (16.4  miles  x  5280'/mile  x  10'  excavation  width  x  2.75'  depth). 

3)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  20  miles  to  the  Anaconda  and/or 
Opportunity  Ponds.  Hauling  and  disposal  costs  for  floodplain  tailings  are  based  on  the  volume  excavated 
under  restoration  (1,544,700  CY).  Hauling  and  disposal  costs  for  riverbank  materials  are  based  on  the 
volume  excavated  under  restoration  (88,196  CY),  plus  the  volume  that  would  have  been  excavated  imder 
remedy  (26,351  CY)  and  disposed  of  on  the  floodplain.  The  haul  volumes  presented  on  the  cost  tables 
have  been  increased  by  20%  to  account  for  swell  or  "fluff"  after  excavation. 

4)  Excavated  floodplain  areas  are  partially  backfilled  using  imported  material.  The  amoimt  of  backfill  for 
recontouring  the  floodplain  is  30%  of  the  excavated  volume.  The  volume  of  backfill  required  is  463,410 
CY(30%  of  1,544,700  CY). 

5)  Revegetation  costs  are  based  on  restoring  215  acres  of  riparian  resources  to  25%  shrub/forest  habitat  (54 
acres)  and  75%  grass/forbs  (agricultural)  habitat  (161  acres),  less  the  20  acres  of  floodplain  revegetated 
in  conjunction  with  riverbank  reconstruction  (Item  6).  Revegetation  on  these  20  acres  will  contribute  to 
restoration  of  riparian  resources.  Of  these  20  acres,  5  acres  will  be  shrub/forest  habitat  type  and  15  acres 
will  be  grass/forb  habitat  type.  Costs  for  floodplain  revegetation  will  therefore  be  based  on  49  acres  of 
shrub/forest  habitat  and  146  acres  of  grass/forb  habitat.  The  remaining  1957  acres  would  be  revegetated 
to  control  erosion  (this  accounts  for  78  acres  revegetated  under  the  Governor's  Project).  For  costing 
purposes,  it  was  assumed  that  these  1957  acres  have  a  grass/forb  vegetative  cover  type.  Costs  include 
seed,  vegetation  stock  and  labor. 

6)  Costs  are  based  on  reconstruction  of  86,592  feet  of  riverbanks  between  Warm  Springs  and  Deer  Lodge. 
(13.5  miles  x  2  banks  x  .9  x  5280'/mile.)  Riverbanks  will  be  reconstructed  to  50%  Type  1  banks  ($0/FT), 
20%  Type  2  banks  ($8/FT),  20%  Type  3  banks  ($51/FT),  and  10%  Type  4  banks  ($84/FT).  Type  1  banks 
require  the  least  amount  of  reconstruction  effort;  Type  4  banks  require  the  greatest  amount  of 
reconstruction  effort.  Riverbank  reconstruction  will  revegetate  approximately  20  acres  of  floodplain  (16.4 
miles  X  5280'/mile  x  10'  width/43,560  square  feet  per  acre). 

7)  Costs  are  based  on  stabilization  of  128,304  feet  of  riverbanks  between  Warm  Springs  and  Deer  Lodge. 
Riverbanks  will  be  stabilized  by  hand  planting  willow  and  other  shrub  stock  at  a  density  of  5  per  lineal 
foot.    Costs  for  stock  and  labor  are  $5  per  lineal  foot. 

8)  The  amount  of  water  necessary  to  augment  flows  in  the  Clark  Fork  River  by  100  cubic  feet  per  second  for 
nine  months  of  the  year  is  6,150  acre-feet.  This  water  would  be  acquired  at  the  market  price  of  $42.00 
per  acre/foot.  The  cost  is  incurred  annually  beginning  the  year  after  completion  of  riverbank  reconstruction 
(2004).   The  cost  is  held  constant  over  time,  although  water  prices  could  rise  substantially. 

9)  It  was  assumed  that  10  miles  of  haul  roads  would  be  necessary  to  accomplish  this  alternative.  The  haul 
roads  would  be  constructed  from  existing  roads  to  the  areas  to  be  excavated. 

10)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 


monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  pyerformed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Lxing-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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CLARK  FORK  RIVER  -  ALTERNATIVE  9C 

Restoration  work  will  occur  over  five  years  beginning  the  year  1998. 

1)  The  volume  of  excavated  material  is  based  on  the  estimated  volume  of  tailings  and  associated  contaminated 
floodplain  material  (1,158,000  CY),  less  the  volume  of  tailings  at  the  Governor's  Project  (157,300  CY). 

2)  Riverbanks  in  the  27  mile  reach  (54  miles  of  riverbank)  between  Warm  Springs  and  Deer  Lodge  that  are 
located  in  tailings-impacted  floodplain  areas  would  be  removed  and  reconstructed,  or  stabilized  by 
revegetation.  Approximately  90%  of  the  banks  (48.6  miles)  are  in  such  areas.  It  is  estimated  that  one-half 
(24.3  miles)  of  these  banks  would  be  reconstructed,  and  one-half  (24.3  miles)  would  be  revegetated.  The 
length  of  banks  to  be  reconstructed  are  decreased  by  3  miles  to  account  for  banks  addressed  in  the 
Governor's  Project,  and  by  4.9  miles  (10%  of  48.6  miles)  that  will  be  addressed  by  remedy.  Restoration 
bank  reconstruction  would  therefore  address  16.4  miles.  The  amount  of  bank  material  excavated  is  88,196 
CY  (16.4  miles  x  5280'/mile  x  10'  excavation  vwdth  x  2.75'  depth). 

3)  Hauling  and  disposal  costs  are  based  on  an  average  distance  of  20  miles  to  the  Anaconda  and/or 
Opportunity  Ponds.  Hauling  and  disposal  costs  for  floodplain  tailings  are  based  on  the  volume  excavated 
imder  restoration  (1,000,700  CY).  Hauling  and  disposal  costs  for  riverbank  materials  are  based  on  the 
volume  excavated  under  restoration  (88,196  CY),  plus  the  volume  that  would  have  been  excavated  under 
remedy  (26,351  CY)  and  disposed  of  on  the  floodplain.  The  haul  volumes  presented  on  the  cost  tables 
have  been  increased  by  20%  to  account  for  swell  or  "flufT  after  excavation. 

4)  Excavated  floodplain  areas  are  partially  backfilled  using  imported  material.  The  amount  of  backfill  for 
recontouring  the  floodplain  is  30%  of  the  excavated  volume.  The  volume  of  backfill  required  is  300,210 
CY  (30%  of  1,000,700  CY). 

5)  Revegetation  costs  are  based  on  restoring  215  acres  of  riparian  resources  to  25%  shrub/forest  habitat  (54 
acres)  and  75%  grass/forbs  (agricultural)  habitat  (161  acres),  less  the  20  acres  of  floodplain  revegetated 
in  conjunction  with  riverbank  reconstruction  (Item  6).  Revegetation  on  these  20  acres  will  contribute  to 
restoration  of  riparian  resources.  Of  these  20  acres,  5  acres  will  be  shrub/forest  habitat  type  and  15  acres 
will  be  grass/forb  habitat  type.  Costs  for  floodplain  revegetation  will  therefore  be  based  on  49  acres  of 
shrub/forest  habitat  and  146  acres  of  grass/forb  habitat.  The  remaining  832  acres  would  be  revegetated 
to  control  erosion  (this  accounts  for  the  78  acres  revegetated  under  the  Governor's  Project).  For  costing 
purposes,  it  was  assumed  that  these  832  acres  have  a  grass/forb  vegetative  cover  type.  Costs  include  seed, 
vegetation  stock  and  labor. 

6)  Costs  are  based  on  reconstruction  of  128,304  feet  of  riverbanks  between  Warm  Springs  and  Deer  Lodge. 
(13.5  miles  x  2  banks  x  .9  x  5280'/mile.)  Riverbanks  will  be  reconstructed  to  50%  Type  1  banks  ($0/FT), 
20%  Type  2  banks  ($8/FT),  20%  Type  3  banks  ($51/FT),  and  10%  Type 4  banks  ($84/FT).  Type  1  banks 
require  the  least  amount  of  reconstruction  effort;  Type  4  banks  require  the  greatest  amount  of 
reconstruction  effort.  Riverbank  reconstruction  will  revegetate  approximately  59  acres  of  floodplain  (27 
miles  X  2  banks  x  90%  x  5280'/mile  x  10'  width/43,560  square  feet  per  acre). 

7)  Costs  are  based  on  stabilization  of  86,592  feet  of  riverbanks  between  Warm  Springs  and  Deer  Lodge. 
Riverbanks  will  be  stabilized  by  hand  planting  willow  and  other  shrub  stock  at  a  density  of  5  per  lineal 
foot.    Costs  for  stock  and  labor  are  $5  p>er  lineal  foot. 

8)  The  amount  of  water  necessary  to  augment  flows  in  the  Clark  Fork  River  by  100  cubic  feet  per  second  for 
nine  months  of  the  year  is  6,150  acre-feet.  This  water  would  be  acquired  at  the  market  price  of  $45.00 
j>er  acre/foot.  The  cost  is  incurred  annually  beginning  the  year  after  completion  of  riverbank  reconstruction 
(2004).    The  cost  is  held  constant  over  time,  although  water  prices  could  rise  substantially. 

9)  It  was  assumed  that  10  miles  of  haul  roads  would  be  necessary  to  accomplish  this  alternative.  The  haul 
roads  would  be  constructed  from  existing  roads  to  the  areas  to  be  excavated. 

10)  Monitoring.    The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 


monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assiuned  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  grovmdwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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CLARK  FORK  RIVER  -  ALTERNATIVE  9D 

Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.  Two  categories  of  monitoring 
are  summarized  as  follows: 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  in  year  one  and  would  continue  for  five  years. 
After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  yea.  2047. 
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MILLTO\VN  RESERVOIR  -  ALTERNATIVE  lOA 

Excavation  of  reservoir  sediments  would  begin  the  year  after  remedy  and  restoration  actions  on  the  Clark  Fork  River 
have  been  completed.  This  is  estimated  to  occur  in  2003.  Excavation  of  reservoir  sediments  would  begin  in  the 
year  2004.    Excavation  would  take  6  years  (2004  -  2009). 

1)  A  reinforced  earth  levee  would  be  constructed  during  the  first  year  of  excavation  (2004). 

2)  The  levee  would  be  removed  and  reconstructed  the  fourth  year  of  sediment  excavation. 

3)  Excavation  of  sediments  of  the  6,600,000  cubic  yards  of  reservoir  sediment  would  occur  over  six  years. 
Costs  include  construction  of  a  system  of  trenches  and  pumps  to  dewater  sediments  prior  to  excavation. 
The  system  would  be  designed  to  handle  1,000  gallons  per  minute  of  water. 

4)  Hauling  costs  are  based  on  railhaul  to  an  existing  landfill.  Sediments  are  hauled  the  same  years  as 
excavation  occurs.  Hauling  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "fluff  after 
excavation. 

5)  Disposal  costs  are  based  on  disposal  at  an  existing  landfill.  Disposal  occurs  the  same  year  as  excavation 
and  hauling.  Disposal  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "fluff  after 
excavation. 

6)  A  water  treatment  facility  is  built  during  the  first  year  of  work  to  treat  water  extracted  from  reservoir 
sediments.  The  facility  is  designed  to  handle  1,000  gallons  per  minute  (1.4  million  gallons  per  day). 
Operation  and  maintenance  costs  are  incurred  for  the  six  years  of  sediment  excavation. 

7)  Milltown  Dam  is  removed  the  year  following  completion  of  sediment  excavation  (2010).  Cost  of  dam 
removal  is  $10,000,000. 

8)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  techmcal  review  of  design  documents, 
preparation  of  written  comments,  and  penodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engmeering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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MILLTOWN  RESERVOIR  -  ALTERNATIVE  lOB 

Excavation  of  reservoir  sediments  would  begin  the  year  after  remedy  and  restoration  actions  on  the  Clark  Fork  River 
have  been  completed.  This  is  estimated  to  occur  in  2003.  Excavation  of  reservoir  sediments  would  begin  in  the 
year  2004.    Excavation  would  take  6  years  (2004  -  2009). 

1)  A  reinforced  earth  levee  would  be  constructed  during  the  first  year  of  excavation  (2004). 

2)  The  levee  would  be  removed  and  reconstructed  the  fourth  year  of  sediment  excavation. 

3)  Excavation  of  sediments  of  the  6,600,(X)0  cubic  yards  of  reservoir  sediment  would  occur  over  six  years. 
Costs  include  construction  of  a  system  of  trenches  and  pumps  to  dewater  sediments  prior  to  excavation. 
The  system  would  be  designed  to  handle  1,000  gallons  per  minute  of  water. 

4)  Hauling  costs  are  based  on  railhaul  to  an  existing  landfill.  Sediments  are  hauled  the  same  years  as 
excavation  occurs.  Hauling  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "fluff  after 
excavation. 

5)  Disposal  costs  are  based  on  disposal  at  an  existing  landfill.  Disposal  occurs  the  same  year  as  excavation 
and  hauling.  Disposal  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "fluff"  after 
excavation. 

6)  A  water  treatment  facility  is  built  during  the  first  year  of  work  to  treat  water  extracted  from  reservoir 
sediments.  The  facility  is  designed  to  handle  1,000  gallons  per  minute  (1.4  million  gallons  per  day). 
Operation  and  maintenance  costs  are  incurred  for  the  six  years  of  sediment  excavation. 

7)  Sediments  are  re-excavated  in  year  103,  90  years  following  sediment  removal,  if  redeposition  of  sediments 
behind  Milltown  Dam  results  in  recontamination  of  groundwater.  The  cost  basis  for  this  item  is  the  total 
cost  for  items  I  through  6.  This  cost  is  discounted  at  3%  over  90  years. 

8)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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MILLTOWN  RESERVOIR  -  ALTERNATIVE  IOC 

Excavation  of  reservoir  sediments  would  begin  the  year  after  remedy  and  restoration  actions  on  the  Clark  Fork  River 
have  been  completed.  This  is  estimated  to  occur  in  2003.  Excavation  of  reservoir  sediments  would  begin  in  the 
year  2004.    Excavation  would  take  3  years  (2004  -  2006). 

1)  A  reinforced  earth  levee  would  be  constructed  during  the  first  year  of  excavation  (2004). 

2)  The  levee  would  be  removed  and  reconstructed  the  third  year  of  sediment  excavation. 

3)  Excavation  of  sediments  of  3,880,000  cubic  yards  of  reservoir  sediment  would  occur  over  three  years. 
Costs  include  construction  of  a  system  of  trenches  and  pumps  to  dewater  sediments  prior  to  excavation. 
The  system  would  be  designed  to  handle  1 ,000  gallons  per  minute  of  water. 

4)  Hauling  costs  are  based  on  railhaul  to  an  existing  landfill.  Sediments  are  hauled  the  same  years  as 
excavation  occurs.  Hauling  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "flufP  after 
excavation. 

5)  Disposal  costs  are  based  on  disposal  at  an  existing  landfill.  Disposal  occurs  the  same  year  as  excavation 
and  hauling.  Disposal  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "flufP  after 
excavation. 

6)  A  water  treatment  facility  is  built  during  the  first  year  of  work  to  treat  water  extracted  from  reservoir 
sediments.  The  facility  is  designed  to  handle  1,000  gallons  per  minute  (1.4  million  gallons  per  day). 
Operation  and  maintenance  costs  are  incurred  for  the  three  years  of  sediment  excavation. 

7)  Sediments  are  re-excavated  in  year  60,  50  years  following  sediment  removal,  if  redeposition  of  sediments 
behind  Milltown  Dam  results  in  recontamination  of  groundwater.  The  cost  basis  for  this  item  is  the  total 
cost  for  items  1  through  6.    This  cost  is  discoimted  at  3%  over  50  years. 

8)  Sediments  are  re-excavated  in  year  110,  50  years  following  the  second  removal  action,  if  redeposition  of 
sediments  behind  Milltown  Dam  results  in  recontamination  of  groundwater.  The  cost  basis  for  this  item 
is  the  total  cost  for  items  1  through  6.  This  cost  is  discounted  at  3  %  over  50  years. 

9)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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MILLTO\\TV  RESERVOIR  -  ALTERNATIVE  lOD 

Excavation  of  reservoir  sediments  would  begin  the  year  after  remedy  and  restoration  actions  on  the  Clark  Fork  River 
have  been  completed.  This  is  estimated  to  occur  in  2003.  Excavation  of  reservoir  sediments  would  begin  in  the 
year  2004.   Excavation  would  take  3  years  (2004  -  2006). 

1)  A  reinforced  earth  levee  would  be  constructed  during  the  first  year  of  excavation  (2004). 

2)  Excavation  of  sediments  of  the  2,640,000  cubic  yards  of  reservoir  sediment  would  occur  over  three  years. 
Costs  include  construction  of  a  system  of  trenches  and  pumps  to  dewater  sediments  prior  to  excavation. 
The  system  would  be  designed  to  handle  1,000  gallons  per  minute  of  water. 

3)  Hauling  costs  are  based  on  railhaul  to  an  existing  landfill.  Sediments  are  hauled  the  same  years  as 
excavation  occurs.  Hauling  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "fluff  after 
excavation. 

4)  Disposal  costs  are  based  on  disposal  at  an  existing  landfill.  Disposal  occurs  the  same  year  as  excavation 
and  hauling.  Disposal  volumes  have  been  expanded  by  20%  to  account  for  swell  or  "fluff"  after 
excavation. 

5)  A  water  treatment  facility  is  built  during  the  first  year  of  work  to  treat  water  extracted  from  reservoir 
sediments.  The  facility  is  designed  to  handle  1,000  gallons  per  minute  (1.4  million  gallons  per  day). 
Operation  and  maintenance  costs  are  incurred  for  the  six  years  of  sediment  excavation. 

6)  The  volume  of  backfill  would  equal  the  volume  of  excavated  sediments. 

7)  Monitoring.  The  objective  of  monitoring  is  to  assure  that  the  restoration  is  performed  properly  and  to 
monitor  the  recovery  of  the  resource.    Three  categories  of  monitoring  are  summarized  as  follows: 

Trustee  Oversight  During  Construction  would  include  technical  review  of  design  documents, 
preparation  of  written  comments,  and  periodic  site  visits.  It  is  assumed  that  this  work  would  be 
provided  by  an  engineering  consulting  firm.  This  work  would  occur  during  the  construction.  The 
cost  would  cover  all  labor  and  expenses. 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  the  first  year  following  construction  and  would 
continue  for  five  years.    After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 
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MILLTOWT^J  RESERVOIR  -  ALTERNATIVE  lOE 

Monitoring.  The  objective  of  monitoring  is  to  monitor  the  recovery  of  the  resource.  Two  categories  of  monitoring 
are  summarized  as  follows: 

Short-Term  Resource  Monitoring  would  consist  of  all  labor  and  expenses  to  monitor  water  quality 
(surface  water  and/or  groundwater),  terrestrial  resources  and/or  aquatic  resources.  The  cost  of 
short-term  resource  monitoring  assumes  the  work  would  be  performed  by  the  State  and  outside 
contractors.  Short-term  monitoring  would  begin  in  year  one  and  would  continue  for  five  years. 
After  five  years,  long-term  resource  monitoring  would  begin. 

Long-Term  Resource  Monitoring  would  include  the  same  elements  as  short-term,  but  would  be 
performed  at  a  lower  level  of  effort.  It  is  assumed  that  long-term  monitoring  would  continue  to 
the  year  2047. 


SELECTED   ALTERNATIVES    ADJUSTED   FOR   INFLATION 
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